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PREFACE. 


The  Article  Horology,  which  I contributed  to  the  Edin- 
burgh Encyclopedia,  abridged  and  imperfect  as  it  is,  from 
the  limits  to  which  I was  necessarily  confined,  attracted 
the  attention,  and  met  the  approbation  of,  several  scientific 
and  practical  Clock  and  Watchmakers  ; and  a separate 
publication,  in  a more  extended  form,  was  called  for  by 
some,  whose  opinions  I am  bound  to  respect. 

Retired  from  the  active  pursuit  of  a profession,  to  which 
my  whole  life  has  been  devoted,  I have  endeavoured  to  com- 
bine my  own  observations  with  those  of  the  best  practical 
writers,  and  to  give  the  operative  Clock  and  Watchmaker 
a condensed  view  of  the  Art  in  Great  Britain  and  on  the 
Continent  of  Europe.  I am  sensible  the  work  still  labours 
under  many  defects,  and  that  I require  the  indulgence  of 
the  Critical  Reader ; yet  I am  unconscious  of  omitting,  or 
slightly  passing  over,  any  subject  of  essential  importance. 

At  the  advanced  age  of  Fourscore,  I have  now  completed 
a work,  which  will,  with  all  its  imperfections,  I am  willing 
to  believe,  prove  a useful  vade  mecum  to  the  Mechanic,  for 
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whose  use  chiefly  it  was  written,  and  who,  I doubt  not,  will 
consider  the  solid  information  it  may  contain,  of  more  value 
to  him  than  the  blandishments  of  a fine  style ; at  the  same 
time,  it  illustrates,  by  historical  and  biographical  details, 
subjects  which  might  otherwise  prove  dry  and  uninteresting 
to  the  young  Artist.  I am  not  without  hope  also,  that  my 
labours  may  meet  that  candid  reception  from  the  Professors 
and  Lecturers  on  Mechanical  Philosophy,  at  our  Universi- 
ties, Provincial  Academies,  and  Mechanics’  Institutions, 
to  which  such  attempts  for  the  advancement  of  useful  know- 
ledge are  justly  entitled. 

My  not  having  complied  with  the  wish  of  the  late  lamented 
Professor  Robison  of  this  city,  may  perhaps  be  received  as 
an  apology  for  the  absence  of  those  theoretical  and  philo- 
sophical discussions  which  might  otherwise  have  formed  a 
prominent  feature  in  the  Work  now  submitted  to  the  pub- 
lic. That  learned  gentleman,  so  early  as  1793,  had  pro- 
jected a work  on  the  Theory  and  Practice  of  Horology,*  a 
subject  which  he  had  studied  with  particular  attention ; 
and,  in  a letter  addressed  to  me,  requested  my  assistance 
and  participation  in  the  composition  and  publication  of  the 
proposed  work.  The  active  duties  of  an  extensive  business 
forbade  my  acceptance  of  so  very  flattering  and  apparently 
profitable  proposition:  I have,  however,  endeavoured,  to 
the  best  of  my  abilities,  to  supply  the  want  of  such  a pub- 
lication, unaccompanied  indeed  with  those  spirited  and 
scientific  views  of  Mechanical  Philosophy,  which  it  would 
have  derived  from  the  aid  of  Professor  Robison,  yet,  I flat- 
ter myself,  not  the  less  calculated  for  the  practical  Clock 
and  Watchmaker,  nor  for  the  student  and  amateur  in  those 

* See  Robison’s  Mechanical  Philosophy , edited  by  Dr.  Brewster,  vol.  iv.  page  609, 
under  the  head  “ Watchwork.” 
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branches  of  minute  mechanism, — the  wonderful  results  of 
which  are  every  day  unfolding  themselves  to  the  world. 

I have  entrusted  the  publication  and  future  revision  of 
this  Work  to  my  friend  and  late  partner,  Mr.  William 
Auld,  a gentleman  who  is  practically  acquainted  with  the 
Art ; and  I have  no  doubt  the  subsequent  editions,  should 
the  publication  ever  acquire  that  circulation,  will  be  found 
to  keep  pace  with  the  march  of  general  improvement. 
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TREATISE 

ON 

CLOCK  AND  WATCH-MAKING, 

THEORETICAL  AND  PRACTICAL. 


CHAPTER  I. 

Introductory  and  Historical  Remarks — Vick's  Clock , fyc. 

The  art  of  constructing  machines  for  measuring  time  has  sometimes 
been  denominated  Horology.  This  word  is  derived  from  the  Greek 
'£lpo\oyiov,  (hence  the  Latin  Horologium ,)  compounded  of  <vpa,  an  hour , 
and  Xeyw,  to  read  or  point  out;  hence  wpoXoyiov,  a machine  for  indi- 
cating the  hours  of  the  day. 

Long  before  sun-dials  were  invented,  Clepsydrae,  or  water  clocks, 
had  been  made  in  the  most  remote  periods  of  antiquity,  and  were  used 
in  Asia,  China,  India,  Chaldea,  Egypt,  and  Greece,  where  Plato 
introduced  them.  Julius  Caesar  found  them  even  in  Britain  when  he 
carried  his  arms  thither,  and  it  was  by  them  he  observed  that  the 
nights  in  this  climate  were  shorter  than  those  in  Italy ; (see  his  Com- 
mentaries, lib.  v.  xiii.)  Clepsydrae  had  been  known  at  Rome  about 
an  hundred  years  before  this,  and  it  is  probable,  they  may  have  been 
as  long  known  in  Britain,  seeing  the  early  intercourse  the  Phoenicians 
had  with  our  ancestors  in  quest  of  tin.  See  a description  of  a very 
curious  Clepsydra  given  by  Mr  Hamilton  in  No.  479  of  the  Phil. 
Trans. 

Toothed  wheels,  although  known  a considerable  time  before,  were 
first  applied  to  Clepsydrae  by  Ctesibius,  a native  of  Alexandria,  who 
lived  145  years  before  the  Christian  aera.  But  at  what  time,  or  by 
whom,  the  clock  with  toothed  wheels,  crown-wheel  scapement,  and 
the  regulator  in  form  of  a cross  suspended  by  a cord,  with  two  weights 
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to  shift  on  it  when  regulating  the  clock,  was  invented,  can  now  only 
be  guessed  at,  as  no  positive  information  on  this  subject  has  been 
handed  down  to  us.  It  was  this  kind  of  clock,  a large  turret  one, 
which  Charles  V.  King  of  France,  surnamed  the  Wise,  caused  to  be 
made  at  Paris  by  Henry  Vick,  who  was  sent  for  from  Germany  for 
the  express  purpose,  and  which  was  put  up  in  the  tower  of  his  palace 
about  the  year  1370.  Julien  Le  Roy,  who  had  seen  this  clock,  has 
given  some  account  of  it  in  his  edition  of  Sully’s  Regie  artificielle  de 
temps , Paris,  1737.  See  this  ancient  clock  by  Vick,  in  Plate  I.  No. 
1.  a description  of  which  shall  he  given  afterwards. 

Before  a clock  could  be  brought  even  to  the  state  of  the  one  made 
by  Vick,  there  must  have  been  many  alterations  and  progressive  im- 
provements upon  that  which  had  first  been  projected,  so  that  it  must 
have  been  invented  at  least  two  or  three  centuries  before  Vick’s  time. 

As  the  same  word  for  a sun-dial  among  the  Greeks  and  Romans, 
was  also  that  for  a clock,  disputes  have  arisen,  whether  the  horologia 
of  Pacificus  and  of  Gerbert,  were  sun-dials  or  clocks.  Father  Alex- 
ander asserts,  that  the  horologium  of  Gerbert  was  a clock ; while 
Hamberger  supposes  it  to  have  been  a sun-dial,  from  the  pole  star 
having  been  employed  in  setting  it.  Pacificus  was  Archdeacon  of 
Verona  about  the  year  850.  Gerbert  was  Pope,  under  the  name  of 
Silvester  II.  and  made  his  clock  at  Magdeburg  about  the  year  996. 

Richard  of  Wallingford,  Abbot  of  St  Alban’s  in  England,  who 
flourished  in  1326,  by  a miracle  of  art  constructed  a clock,  which  had 
not  its  equal  in  all  Europe,  according  to  the  testimony  of  Gesner. 
Leland  too,  an  old  English  author,  informs  us,  that  it  was  a clock 
which  showed  the  course  of  the  sun,  moon,  and  stars,  and  the  rise 
and  fall  of  the  tides : that  it  continued  to  go  in  his  own  time,  which 
was  about  the  latter  end  of  Henry  the  Seventh’s  reign ; and  that 
according  to  tradition,  this  famous  piece  of  mechanism  was  called 
Albion  by  the  inventor. 

“In  1382,”  says  Father  Alexander,  “the  Duke  of  Burgundy 
ordered  to  be  taken  away  from  the  city  of  Courtray,  on  the  French 
army  entering  it,  a clock  which  struck  the  hours,  and  which  was  the 
best  at  that  time  known,  either  on  this  side  or  beyond  seas,  and  made 
it  to  be  brought  to  Dijon,  his  capital,  where  it  still  is  in  the  tower  of 
Notre  Dame.  These  are  the  three  most  ancient  clocks  that  I find 
after  that  of  Gerbert.” 

“We  know  no  person,”  continues  this  author,  “ more  ancient,  and 
to  whom  we  can  more  justly  attribute  the  invention  of  clocks  with 
toothed  wheels  than  to  Gerbert.  He  was  born  in  Auvergne,  and  was 
a Monk  in  the  Abbey  of  St  Gerard  D’Orillac,  of  the  order  of  St 
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Bennet.  His  abbot  sent  him  into  Spain,  where  he  learned  astrology 
and  the  mathematics,  in  which  he  became  so  great  a proficient,  that, 
in  an  age  when  these  sciences  were  little  known,  he  passed  for  a ma- 
gician, as  well  as  the  Abbot  Trithemius.  (It  may  have  been  for  the 
crime  of  magic  imputed  to  Gerbert , that  he  was  afterwards  banished 
from  France .)  From  Spain  he  came  to  Home,  and  being  a man 
much  superior  to  the  times  in  which  he  lived,  he  was  there  appointed 
to  superintend  the  monastic  studies  in  the  Abbacy  of  Bobio,  situated 
among  the  Appenines  in  Liguria,  founded  by  St  Columbanus  in  the 
year  612  ; but  the  low  state  of  its  funds  compelled  him  to  return  to 
France.  The  reputation  of  his  learning  and  uncommon  genius  induced 
Adalberon,  Archbishop  of  Bheims,  to  establish  him  in  970,  as  rector 
of  the  schools  there,  and  at  the  same  time  to  make  him  his  private 
secretary. 

It  was  near  the  end  of  the  tenth  century,  about  the  year  996,  when 
he  made  at  Magdeburg  this  clock  so  wonderful  and  surprising,  as  to 
go  by  means  of  weights  and  wheels . He  was  Archbishop  of  Bheims 
in  992,  a situation  which  he  held  during  three  years,  then  Arch- 
bishop of  Bavenna  in  997,  and  at  last,  Sovereign  Pontiff,  under  the 
name  of  Silvester  II.  in  999 ; he  died  at  the  beginning  of  the  fifth 
year  of  his  pontificate,  in  1003.”  The  clock  constructed  by  Gerbert 
seems  to  have  been  made  after  he  left  Bheims,  and  before  his  appoint- 
ment to  Bavenna ; and,  it  is  highly  probable,  that  this  was  the  period 
when  clock-making  was  introduced  into  Germany. 

“ William  Marlot,  to  show  how  wonderful  this  piece  of  work  was, 
makes  use  of  an  expression  which  can  hardly  be  suffered  in  our  lan- 
guage : Admirabile  horologium  fabricamt  per  instrumentum  diabolic  a 
arte  inxentuml 

The  western  Christians  were  particularly  indebted  to  Gerbert  for 
having  transmitted  to  them  the  arithmetic  which  we  make  use  of  at 
the  present  day.  Abacum  certe  primus  a Saracenis  rapiens  regulas 
dedit  qua?  a sudantibus  Abacistis  xix  intelliguntur , says  the  historian, 
William  of  Malmesbury,  ad  annum  999.  Gerbert  had  also  a great 
taste  for  mechanics.  William  of  Malmesbury  says,  ibid,  “that  in  his 
time”  (that  is  to  say,  some  time  or  long  before  the  year  1142,  the  year 
in  which  he  died,)  “ there  was  to  be  seen  in  the  church  at  Bheims,  a 
mechanical  clock  which  Gerbert  had  made,  and  hydraulic  organs, 
where,”  says  he,  “ the  wind,  pushed  in  a wonderful  manner  by  water, 
made  them  give  des  sons  modules  a des  flutes  ddairainl 

“ Les  horologes  a roues  sont  une  invention  du  moyen  age,  dont  on 
ignore  la  datte  et  Tauteur.  Dans  les  usages  de  Citeaux  vers  1120,  il 
est  parle  d’horologes  a roues.”  Journal  des  Saxans , 1782.  page  182. 
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et  Juillet  1783.  See  Histoire  des  Mathematiques  par  J.  S.  Montucla, 
tome  troisieme , p.  791. 

The  writers  of  the  11th  century  speak  in  such  a manner  of  clocks, 
that  it  appears  they  must  at  that  period  have  been  well  known.  But 
Dante,  the  Italian  poet,  who  was  born  in  1265,  and  died  in  1321, 
seems  to  be  thought  the  first  author  who  has  introduced  the  mention 
of  an  Orologia  that  struck  the  hours , (and  which  consequently  could 
not  be  a sun-dial,)  but  most  probably  it  was  an  alarm  part,  as  we  ap- 
prehend the  striking  part  had  not  been  so  early  applied;  yet  it  is  said , 
that  striking  clocks  could  not  have  been  very  uncommon  in  Italy  at 
the  end  of  the  13  th  or  beginning  of  the  14th  century,  for  there  is 
some  trace  of  a clock  having  been  put  up  near  Westminster  Hall, 
paid  for  out  of  a fine  imposed  on  the  Chief  Justice  of  the  King’s 
Bench,  in  the  16th  year  of  Edward  the  First,  or  in  1288.  We  find 
that  this  clock  was  considered  to  be  of  such  consequence  during  the 
reign  of  Henry  the  Sixth,  that  the  king  gave  the  keeping  of  it,  with 
the  appurtenances,  to  William  Warby,  Dean  of  St  Stephen’s,  together 
with  the  pay  of  sixpence  per  diem,  to  be  received  at  the  Exchequer. 
This  clock  is  said  to  have  remained  until  the  time  of  Queen  Elizabeth. 
See  Stoic  s Account  of  Westminster , vol.  ii.  p.  55. 

The  clock  at  St  Mary’s,  Oxford,  was  also  furnished  in  1523,  out  of 
fines  imposed  on  the  Students  of  the  University. 

Derham,  in  his  Artificial  Clock  Maker,  has  given  the  caliper,  and 
the  numbers  of  the  wheels  and  pinions  in  a stately  clock  which  was  in 
the  Palace  at  Hampton  Court,  made  in  King  Henry  the  Eighth’s 
time,  by  one  N.  0.  in  the  year  1540.  He  appears  also  to  have  seen 
a watch  belonging  to  the  same  king,  and  thought  it  was  probably 
made  by  the  same  N.  0.  We  are  of  opinion,  that  this  was  not  a 
pocket-watch,  but  a large  spring  time-piece,  in  a silver  or  other  metal 
case,  of  the  same  shape  as  the  watch-cases  of  the  present  day ; for 
the  going  parts  of  clocks,  whether  it  is  impelled  by  a weight  or  a 
spring,  is  still  designed  by  the  workmen  as  the  watch  part . Pocket 
watches  soon  after  this  period  came  to  be  introduced. 

The  variety  at  that  time  surely  could  not  be  great.  The  following 
works  may  be  consulted  : Henry's  History  of  Great  Britain , vol.  viii. 
8 vo  ,*  History  of  the  Manual  Arts ; Horological  Dialogues  by  J.  S. 
printed  1675,  said  to  contain  a list  of  the  clocks  then  in  use. 

Since  toothed  wheels  had  been  known  above  1300  years  before 
Herbert  is  said  to  have  made  his  Horologium,  and  above  1100  after 
they  had  been  applied  to  Clepsydras,  and  as  they  were  also  sculptured 
on  Trajan’s  column  at  Borne,  where  they  are  still  to  be  seen,  there 
seems  to  be  nothing  inexplicable  in  Gerbert’s  having  fallen  on  the 
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way  of  applying  wheels  to  make  a clock  different  from  the  Clepsydra*, 
which  had  been  long  in  use.  Besides,  Father  Alexander  seems  to  have 
investigated  the  History  of  Horology  more  profoundly  and  indefati- 
gably  than  Hamberger ; and  Gerbert  may  have  made  use  of  his  ob- 
servations on  the  Pole  star  for  other  purposes  than  merely  to  set  a sun- 
dial by  them,  and  probably  for  the  purpose  of  drawing  a meridian  line 
in  order  to  regulate  his  clock.  If  it  was  a sun-dial,  as  some  suppose, 
why  does  Marlot,  who  wrote  at  Rheims,  1679,  consider  it  such  a won- 
der, since  it  appears  from  the  History  of  Dialling,  that  they  were  well 
known,  and  in  common  use  1600  years  before  Gerbert’s  time  \ (See 
the  Article  Dialling , in  the  Edinburgh  Encyclopaedia.)  The  anti- 
quity of  dials  also  appears  by  what  we  learn  from  Dr  Adam’s  Roman 
Antiquities,  that  “Anaximander  of  Miletus  (born  B.  C.  610.)  is  said 
to  have  invented  sun-dials  at  Lacedaemon  in  the  time  of  Cyrus  the 
Great. 

The  first  sun-dial  is  said  to  have  been  set  up  at  Rome  by  L. 
Papirius  Cursor,  A.  U.  447,  (B.  C.  301.)  and  the  next  near  the 
Rostra , by  M.  Valerius  Mesela,  the  Consul,  who  brought  it  from 
Catana  in  Sicily,  in  the  first  Punic  war,  A.  U.  481.*  Scipio  Nasica 
first  measured  time  at  Rome  by  water,  or  Clepsydrae,  which  served  by 
night  as  well  as  by  day,  A.  U.  595.  The  use  of  clocks  and  watches 
were  then  unknown  to  the  Romans ; being  so  much  taken  up  with 
military  acquirements,  they  had  neither  time  nor  leisure  to  cultivate 
the  arts  of  peace. 

Hamberger,  however,  admits,  that  the  clock  was  invented  in  the 
11th  century,  and  he  thinks  it  probable  that  we  are  indebted  to  the 
Saracens  for  it.  Now  Gerbert’s  clock  was  made  near  the  commence- 
ment of  the  same  century:  the  College  in  Spain,  where  he  had  been 
instructed,  had  Arabians  or  Saracens  among  its  professors,  and  was 
at  that  time  the  only  place  in  Europe  where  any  learning  or  science 
was  to  be  found. 

The  argument  against  Gerbert’s  Horologium,  being  a clock  in  our 
acceptation  of  the  word,  is,  that  he  made  use  of  his  observations  with 
the  Pole  star,  as  if  to  obtain  a meridian  line,  or  to  set  a sun-dial  by; 
and  yet  we  have  no  positive  information  that  it  was  either  of  them. 
Berthoud  admits,  that  such  a clock  as  Vick’s  could  not  have  been  a 
new  invention ; and  he  thinks,  “ that  the  different  parts  which  com- 
pose the  balance  clock,  have  only  been  made  after  a long  train  of  re- 
search and  time,  and  that  clocks  were  not  known  in  France  till  the 
middle  of  the  fourteenth  century.” 

* The  Romans  at  this  time  were  not  aware  that  a dial  fit  for  Sicily  was  not  calculated  for 
Rome. 
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The  art  of  horology  might  be  going  slowly  on  in  Germany,  though 
the  balance  clock  was  unknown  in  France  till  1370,  previous  to  which 
Vick  had  been  sent  for  by  Charles  V.  of  France.  Had  this  not  taken 
place,  it  might  perhaps  have  remained  still  longer  unknown.  It  must 
be  allowed,  that  there  is  something  inconsistent  in  Father  Alexander  s 
argument  for  giving  the  clock  to  Gerbert,  and  refusing  it  to  Pacificus, 
“because  it  was  not  known  in  France  till  250  years  after.  The  dis- 
covery was  of  too  great  utility  not  to  be  spread  abroad,  particularly 
in  monasteries,  where  it  was  so  much  required  to  regulate  the  reli- 
gious duties  of  the  night.  In  the  famous  monastery  of  Cluny,  how- 
ever, the  Sacristan,  in  1108,  went  out  to  observe  the  stars,  to  know 
the  time  when  to  awaken  the  monks  to  prayer.”  In  the  early  stages 
of  the  art,  very  few  clocks  could  have  been  made,  and  those  which 
were  constructed  must  have  been  very  imperfect. 

“ As  all  arts  are  at  first  imperfect,”  says  Hamberger,  “ it  is  ob- 
served of  these  clocks,  that  they  sometimes  deceived  ; and  hence  in  the 
Or  do  Cluniacensis  Bernardi  Monasterii , the  person  who  regulated 
the  clock  is  ordered,  in  case  it  should  go  wrong,  “ ut  notet  in  coelo, 
et  in  cursu  Stellarum  vel  etiam  Lunse,  ut  fratres  surgere  faciat  ad 
horam  competentem  : The  same  admonition  is  given  in  the  Consti- 
tutiones  Hirsaugienses .”  From  what  is  said  here,  it  may  be  inferred 
that  those  who  had  clocks  in  the  earliest  periods,  could  not  place 
much  dependence  on  their  keeping  time  ; and  with  great  probability 
we  may  suppose,  that  many  a palace,  castle,  and  monastery,  might 
long  continue  unprovided  with  such  a machine.  It  was  near  the  end 
of  the  fifteenth  century  before  they  came  to  be  in  use  in  private 
families. 

The  art  of  clock-making  seems  to  have  been  introduced  into  Eu- 
rope by  some  one  or  other  of  the  Romish  clergy.  They  were,  in 
general,  especially  the  higher  orders,  possessed  of  wealth,  and  had 
leisure  to  cultivate  such  of  the  arts  and  sciences  as  were  then  to  be 
attained ; and  if  the  art  of  horology  did  not  originate  with  them, 
they  certainly  were  among  the  first  who  did  every  thing  in  their  power 
to  promote  and  encourage  it.  Time-measuring  being  so  desirable  for 
the  regulation  of  the  stated  services  required  by  the  Church,  which 
took  place  at  all  hours  of  the  day  and  night,  their  attention  was  na- 
turally called  to  a subject  in  which  they  were  so  much  interested. 
Those  who  wish  for  farther  information  on  the  origin  of  clocks,  are 
referred  to  The  Artificial  ClocJc-Maicer,  by  William  Derham,  D.  D. 
London,  1698 — Traite  general  des  Horologes , par  le  R.  P.  Pom. 
Jacques  Alexandre,  Religieux  Benedictin  de  la  Congregation  de  Saint 
Maur,  5 Paris,  1734 — A Dissertation  by  Hamberger  in  Beckmann's 
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History  of  Inventions , vol.  iii.  London,  1797 — Histoire  de  la  Mesure 
du  Temps  par  les  Horologes , par  Ferdinand  Berthoud , Mechanicien 
dela  Marine , &c.  &c.  a Paris,  1802.  This  last  is  a very  interesting 
work  for  an  amateur  in  horology,  and  was  the  result  of  seven  years’ 
labour,  when  the  author  was  at  a very  advanced  period  of  life.  To 
these  may  be  added,  Histoire  de  VAstronomie  Moderne , tom.  i.  p.  60, 
edition  de  1785  ; and  Histoire  de  V Astronomie  Ancienne,  Eclaircissemens , 
liv.  iv.  § 34.  liv.  ix.  § 5 — Vitruvius’1  s Architecture. 

Pollius  Vitruvius  lived  40  years  before  Christ,  and  was  architect  to 
Augustus.  In  a triumph  of  Pompey,  among  the  spoils  brought  from 
the  east,  was  a water-clock,  the  case  of  which  was  strung  round  with 
pearls,  Pliny , lib.  xxxvii.  cap.  i.  Memoires  de  VAcademie  des  Inscrip- 
tions, tom.  xx.  p.  448. 

It  would  be  a waste  of  time  to  describe  the  nature  of  wheels  and 
pinions,  as  this  kind  of  Machinery  is  now  so  generally  known.  It  may 
be  sufficient  to  remark,  that  a clock  or  watch  movement  is  an  assem- 
blage of  wheels  and  pinions,  contained  in  a frame  of  two  brass  plates, 
connected  by  means  of  pillars  ; the  first,  or  great  wheel,  in  an  eight- 
day  movement,  has,  concentric  with  it,  a cylindrical  barrel,  having  a 
spiral  groove  cut  on  it.  To  this  cylinder  is  attached  one  end  of  a cord, 
which  is  wrapped  round  in  the  groove,  for  any  determined  number  of 
turns,  and  to  the  other  end  of  the  cord  is  hung  a weight  which  con- 
stitutes a power  or  force  to  set  the  whole  in  motion.  Their  time  of 
continuing  in  motion  will  depend  on  the  height  through  which  the 
weight  has  to  descend,  on  the  number  of  teeth  in  the  first  or  great 
wheel,  and  on  the  number  of  teeth  or  leaves  of  the  pinion  upon  which 
this  wheel  acts,  &c. 

The  wheels  in  spring  clocks  and  in  watches  are  urged  on  by  the 
force  of  a spiral  spring,  contained  in  a hollow  cylindrical  barrel  or  box, 
to  which  one  end  of  a chain  or  cord  is  fixed,  and,  lapping  it  round  the 
barrel  for  several  turns  outside,  the  other  end  is  fixed*  to  the  bottom  of 
a solid,  shaped  like  the  frustrum  of  a cone,  known  by  the  name  of  the 
fusee,  having  a spiral  groove  cut  on  it.  On  the  bottom  of  this  cone, 
or  fusee,  the  first  or  great  wheel  is  put.  The  arbor  on  which  the  spring 
barrel  turns,  is  so  fixed  in  the  frame  that  it  cannot  turn  when  the 
fusee  is  winding  up ; the  inner  end  of  the  spring  hooks  on  by  an  eye  to 
the  barrel  arbor,  and  the  outer  end  hooks  by  the  same  way  to  the 
inside  of  the  barrel.  Now,  if  the  fusee  is  turned  round  in  the  proper 
direction,  it  will  take  on  the  cord  or  chain,  and  consequently  take  it 
off  from  the  barrel.  This  bends  up  the  spring,  and,  if  the  fusee  and 
great  wheel  are  left  to  themselves,  the  force  exerted  by  the  spring 
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in  the  barrel  to  unbend  itself,  will  make  the  barrel  turn  in  a contrary 
direction  to  that  by  which  it  was  bent  up.  This  force  of  the  spring 
unbending  itself,  being  communicated  to  the  wheels,  will  set  them 
in  motion,  and  they  will  move  with  considerable  velocity.  Their 
time  of  continuing  in  motion  will  depend  on  the  number  of  turns  in 
the  spiral  groove  on  the  fusee,  the  number  of  teeth  in  the  first  or 
great  wheel,  and  on  the  number  of  leaves  in  the  pinion  upon  which 
the  great  wheel  acts,  &c.  The  wheels  in  any  sort  of  movement,  when 
at  liberty  or  free  to  turn,  and  when  impelled  by  a force,  whether  it 
is  that  of  a weight  or  a spring,  would  soon  allow  this  force  to  termin- 
ate ; for  as  the  action  of  the  force  is  constant  from  its  first  com- 
mencement, the  wheels  would  be  greatly  accelerated  in  their  course, 
and  it  would  be  an  improper  machine  to  register  time  or  its  parts ; 
the  necessity  of  checking  this  acceleration,  and  making  the  wheels 
move  with  an  uniform  motion,  gave  rise  to  the  invention  of  the  es- 
capement, or  ’scapement,  as  it  is  commonly  called.  To  effect  this,  an 
alternate  motion  was  necessary,  which  required  no  small  effort  of  hu- 
man ingenuity  to  produce. 

To  a professional  artist,  a description  of  all  the  parts  of  Vick’s 
clock  is  quite  unnecessary,  as  a mere  view  of  it  in  the  plate  would 
to  him  be  sufficient ; but,  as  it  is  handed  down  to  us  as  one  of  the 
most  ancient  balance  clocks,  and  having  been  seen  almost  in  our  own 
time,  or  very  near  to  it,  a description  of  the  going  part  may  be 
given. 

A is  a weight  suspended  by  a cord,  which  is  wrapped  round  a 
cylinder  or  barrel  B,  keyed  spring  tight  on  an  axis  or  arbor  a a , 
whose  smaller  parts  b b}  called  the  pivots,  enter  into  holes  made  in  the 
plates  CC,  DD,  in  which  they  turn  : These  plates  in  the  ancient 
clocks  were  made  of  iron,  and  put  together  by  the  kneed  parts  EE, 
which  are  formed  from  the  ends  of  the  plate  00 ; a screwed  part  at 
the  extremity  of  the  knees  connects  this  plate  by  nuts  to  the  plate 
DD;  this  assemblage  of  the  plates  and  kneed  parts  is  called  the 
frame. 

The  action  of  the  weight  A,  necessarily  tends  to  turn  the  cylinder 
B ; so  that,  if  it  was  not  restrained,  its  descent  would  be  by  an  ac- 
celerated motion,  like  to  that  of  a body  which  falls  freely ; but  the 
cylinder  has  at  one  end  a ratchet  toothed  wheel  F,  the  face  of  the 
ratchet  teeth  strike  or  butt  on  the  end  of  the  click  c , the  click  is 
pressed  by  a spring  d , which  forces  it  to  enter  into  the  ratchet,  when 
it  has  been  set  aside  from  them.  It  is  this  mechanism  which  is  called 
the  click  and  ratchet  work , and  by  means  of  which,  the  weight, 
when  wound  up,  is  prevented  from  turning  back.  It  may  then  be 
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conceived  that  the  action  of  the  weight  is  transmitted  to  the  toothed 
wheel  GG ; the  teeth  of  this  wheel  enter  within  the  spaces  of  the 
teeth,  or  trundles,  which  are  formed  on  the  small  wheel,  or  lantern 
pinion  0,  and  so  that  they  oblige  or  force  it  to  turn  on  its  pivots  f f. 
This  communication  of  the  teeth  of  one  wheel  with  those  of  another, 
or  with  a pinion  of  any  kind,  is,  in  technical  language,  called  'pitch- 
ing. 

The  wheel  HH  is  fixed  on  the  arbor  of  the  lantern  pinion  e ; thus 
the  motion  communicated  by  the  weight  to  the  wheel  GG  is  trans- 
mitted to  the  pinion  0,  and  consequently  to  the  wheel  HH,  (and  causes 
it  to  turn  on  its  pivots  f f;)  this  pitches  into  the  lantern  pinion  y, 
whose  axis  carries  the  crown  wheel  II,  which  is  named  the  scape- 
ment  wheel,  or  wheel  of  rencounter ; at  last,  the  motion  impressed  by 
the  weight  A,  is  transmitted  from  the  crown  wheel  II  to  the  levers 
or  pallets  h i,  which  are  formed  on  the  vertical  axis  KK,  movable  on 
its  two  pivots  K l ; it  is  on  this  axis  that  the  regulator,  or  balance 
LL  is  fixed  ; this  balance  is  suspended  by  a cord  M,  and  can  describe 
round  its  pivots,  arcs  of  a circle  going  and  returning  alternately  on 
itself,  making  vibrations. 

The  alternate  motion  or  vibration  of  the  balance  is  produced  by 
the  action  of  the  wheel  II,  on  the  pallets  which  project  from  the  axis 
of  the  balance,  the  angle  formed  between  them  is  about  90  degrees  ; 
so  that  when  a tooth  of  the  wheel  has  drawn  aside  the  pallet  h , and 
escapes  or  gets  past  it,  the  other  pallet  i presents  itself  to  a tooth  of 
the  wheel  nearly  diametrically  opposite,  which  in  its  turn  is  drawn 
aside  ; so  that  the  wheel  turning  always  the  same  way,  the  balance 
goes  and  comes  on  itself,  forming  vibrations  which  moderate  and  re- 
gulate the  velocity  of  the  wheel  II,  and  consequently  the  wheels  H, 
and  G,  whose  revolutions  serve  to  measure  time.  The  balance  here, 
in  place  of  being  like  the  fly  of  a kitchen  jack,  as  they  sometimes 
were,  is  formed  of  two  thin  arms  projecting  from  the  verge  or  axis 
of  the  balance,  making  a sort  of  cross  ; on  these  arms  several  concen- 
tric notches  are  made ; a small  weight  m,  is  appended  to  each  arm  ; 
by  carrying  the  weights  m m , more  or  less  from  the  centre,  will  make 
the  clock  go  slow  or  fast. 

The  reciprocal  action  of  the  wheel  II,  on  the  pallets  h i,  carried  by 
the  axis  of  the  balance,  and  of  the  pallets  themselves  on  the  wheel 
to  regulate  the  motion  of  it,  is  what  is  called  the  Scapement  or  Scap- 
ing. 

The  wheel  GG,  makes  a revolution  in  an  hour,  the  pivot  b b of 
this  wheel  is  prolonged  beyond  the  outside  of  the  plate  CC  ; it  car- 
ries a pinion,  u , which  pitches  in,  or  leads  the  wheel  NN,  and  causes 
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it  to  make  a turn  in  12  hours  ; the  axis  of  this  wheel  carries  the  in- 
dex or  hand,  0,  which  points  out  the  hours  on  the  dial.  It  must 
be  explained  what  determines  the  wheel  GG-  to  make  one  revolu- 
tion precisely  in  an  hour ; for  this  purpose  it  must  be  known,  that 
the  vibrations  of  the  regulator  or  balance  are  so  much  the  slower 
the  heavier  it  is,  or  is  of  a great  diameter.  Suppose  that  the  balance 
LL  can  make  vibrations  whose  time  is  exactly  that  of  one  second, 
and  this  is  come  at  by  bringing  nearer  or  farther  from  the  centre  the 
weights  m m , as  has  been  already  noticed  ; that  being  understood,  it 
may  be  shown  how,  by  means  of  the  number  of  the  teeth  of  the 
wheels  and  pinions,  wre  determine  the  wheel  GG  to  make  a revolu- 
tion exactly  in  an  hour.  In  giving  30  teeth  to  the  crown  wheel  II, 
then,  during  the  time  it  takes  to  make  one  turn,  the  balance  will 
make  60  vibrations,  for  at  each  turn  of  the  wheel  the  same  tooth  acts 
once  on  the  pallet  h,  and  once  on  that  of  i,  which  produces  two  vibra- 
tions for  each  tooth,  so  thus  the  wheel  having  30  teeth,  it  must  cause 
twice  30  vibrations  to  be  made;  it  then  makes  its  revolution  in  a 
minute  of  time  ; it  is  also  necessary  that  this  wheel  makes  60  turns 
during  the  time  that  the  wheel  GG  makes  one.  Now  to  determine 
the  number  of  the  teeth  in  the  wheels  GG  and  HH  and  their  pinions, 
it  is  proper  to  observe,  that  a wheel  gives  as  many  more  turns  to  its 
pinion,  whilst  it  makes  one,  as  the  number  of  the  teeth  of  the  pinion 
is  contained  a greater  number  of  times  in  that  of  the  teeth  of  the 
wheel ; for,  supposing  the  wheel  GG  has  64  teeth,  and  the  lantern 
pinion  e 8,  this  pinion  will  make  8 turns  during  the  time  that  the 
wheel  will  make  one  ; which  is  evident,  for  each  tooth  of  the  wheel 
moves  forward  one  tooth  of  the  pinion  ; so  thus,  when  the  pinion  has 
advanced  forward  8 teeth,  which  makes  its  revolution,  the  wheel  GG 
has  only  advanced  8 teeth : now,  for  the  wheel  to  complete  its  revolu- 
tion, it  must  yet  advance  56  teeth  more,  which  will  make  7 times  8 
of  the  pinion  ; that  is  to  say,  it  shall  cause  it  to  make  7 turns,  which, 
joined  to  the  one  which  it  has  made,  gives  8 revolutions  of  the  pinion 
for  one  of  the  wheel.  By  the  like  means,  the  wheel  HH  having  60 
teeth,  and  the  pinion  g 8,  it  will  cause  the  pinion  to  make  7i  turns; 
but  the  wheel  HH  carries  the  pinion  making  8 turns  for  one  of 
the  wheel  GG ; the  pinion  y,  makes  then  8 times  7i  turns,  that  is  to 
say,  60  during  the  time  that  the  wheel  GG  makes  one  turn : and 
having  seen  that  the  wheel  II,  carried  by  the  pinion  y,  makes  a re- 
volution in  a minute,  the  wheel  GG  makes  then  a turn  in  an  hour. 
By  the  same  reasoning,  we  see  that  the  pinion  w,  carried  by  the 
axis  of  the  wheel  GG,  must  make  12  turns  during  the  time  that 
the  wheel  NN  makes  one.  This  wheel  ought  to  have  12  times  more 
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teeth  than  the  pinion  ; and  if  it  has  8 teeth,  the  wheel  NN  must  have 
96.  From  the  side  of  the  wheel  NN,  twelve  pins  project,  which  serve 
to  discharge  the  striking  part. 

When  the  cord  which  suspends  the  weight  A is  wholly  run  off 
from  the  cylinder,  a handled  key  is  used,  whose  cannon  has  a square 
hole  in  it  so  as  to  enter  upon  the  square  P,  on  the  arbor  of  the  lan- 
tern pinion  n,  which  pitches  in  with  the  wheel  R,  fixed  on  the  end 
of  the  barrel  B ; and  in  turning  this  key  the  weight  is  again  wound 
up.  The  wheel  R,  and  that  of  F,  can  turn  separately  from  that  of 
GG,  which  keeps  its  place.  This  retrograde  motion  of  the  cylinder  or 
barrel  is  obtained  by  means  of  the  click  and  ratchet  work  F,  c , d. 
The  teeth  of  the  ratchet  are  inclined  on  one  side,  which  raise  up 
the  click  c,  so  that  during  the  time  of  winding  up  the  weight,  the 
ratchet  F turns  separately  from  the  wheel  GG ; but,  upon  ceasing  to 
wind  up  the  weight,  it  acts  upon  the  cylinder  and  ratchet,  the  faces 
of  whose  teeth  butt  or  come  anew  against  the  end  of  the  click 
which  forces  the  wheel  GG  to  turn  with  the  cylinder ; the  spring  d 
serves,  as  has  been  already  mentioned,  to  bring  the  click  back  into 
the  space  of  the  ratchet  teeth.  Of  the  striking  part  of  Henry  Vick’s 
clock  we  have  only  to  remark,  that  it  must  have  raised  a very  massy 
hammer,  considering  the  enormous  weight  applied  to  it,  being  above 
500  pounds  to  each  part. 

It  was  thought  nowise  necessary  to  give  either  a representation 
or  description  of  the  striking  part ; suffice  it  to  say,  that,  like  the 
old  clocks,  it  locked  against  an  interrupted  hoop,  fixed  on  what 
was  called  the  hoop  wheel ; and  eleven  notches  on  the  circumfer- 
ence or  edge  of  a plate  wheel,  commonly  called  the  count  wheel, 
determined  the  hours  or  number  of  blows  which  the  hammer  should 
give. 

Either  Julien  Le  Roy,  or  Berthoud,  must  have  made  a mistake, 
in  making  the  crown  wheel  in  Vick’s  clock  to  have  80  teeth,  unless 
it  may  have  been  merely  for  the  purpose  of  showing  in  a clearer 
point  of  view,  that  the  time  of  a revolution  should  be  equal  to  one 
minute.  It  is  well  known,  that  the  crown  wheel  scapement  can- 
not admit  the  wheel  to  have  an  even  number,  no  other  than  an 
odd  number  will  scape  with  the  pallets  on  the  verge.  Had  the 
number  been  29,  and  the  time  of  one  vibration  about  equal,  or  nearly 
so,  to  one  second,  then  one  revolution  of  the  crown  wheel,  or  58 
vibrations,  would  have  been  nearly  one  minute,  or  somewhat  there- 
abouts. 

Before  giving  an  account  of  the  first  scapement,  and  the  im- 
provements on  it,  which  subsequently  followed,  it  may  be  more  in 
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order,  first  to  enter  into  the  calculation  of  the  numbers  for  wheels 
and  pinions,  their  proportional  sizes,  trains,  length  of  pendulum,  &c. 
&c. 


CHAPTER  II. 

To  find  the  Number  of  Vibrations  in  a Minute , or  in  an  Hour , haring 
the  numbers  of  the  wheel  teeth  and  of  the  pinion  leaves ; and  also  to  find 
the  numbers  for  the  wheel  teeth , having  assumed  numbers  for  the  pinions, 
for  the  swing  or  balance  wheel , and  the  number  of  Vibrations  required 
in  an  Hour , <$fc.  <$fc. 

The  beats  given  by  the  alternate  motion  of  the  scapement,  are  a 
determined  number  in  a minute,  or  in  an  hour,  called  the  train, 
which  depend  on  the  number  of  wheels  in  the  movement,  their  num- 
ber of  teeth,  on  the  number  of  the  pinions,  and  the  number  of  their 
teeth  or  leaves  : the  beats  in  an  hour  of  a common  seconds  clock  are 
3600,  and  17280  are  the  number  of  beats  given  by  a common 
watch. 

In  a combination  of  two  or  more  wheels  and  their  pinions,  the  ratio 
of  the  pinions  to  their  wheels  being  given,  the  number  of  revolutions 
of  the  last  wheel,  for  one  of  the  first,  can  be  deduced.  The  first 
wheel  being  supposed  to  make  a revolution  in  an  hour,  during  which 
time  let  it  drive  a pinion  eight  times  round,  concentric  with  the 
pinion  is  a wheel  which  drives  another  pinion  seven  and  a half  times 
round  ; on  the  arbor  of  this  pinion  is  a wheel  that  may  at  pleasure,  or 
rather  must  be  cut  into  such  a number  of  teeth  as  to  make  up  the 
required  number  of  vibrations.  The  wheels  and  their  pinions  may  be 

represented  thus:  w.^?e^s  = 60,  which  is  the  number  of  re- 

pimons  lxl 

volutions  that  the  last  pinion  must  make  for  one  of  the  first  wheel. 
If  the  pinions  have  eight  leaves  each,  then  it  follows  that  one  of  the 
wheels  must  have  eight  times  this  number  of  teeth,  which  will  be  64, 
and  the  other  seven  and  a half  times  equal  to  60.  The  revolutions 
will  be  the  same  to  the  last  wheel  or  its  pinion,  in  whatever  order  the 
two  wheels  are  taken. 

A fraction  does  not  lose  its  value  whether  it  is  divided  or  multi- 
plied by  a like  number.  The  wheels  being  64  and  60,  their  pi- 
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nions  8,  they  may  stand  thus  : 


64  X 60  __  gQ  we  were  double 
8X8 


the  numbers  of  the  pinion  leaves,  they  would  become  16,  the  wheels 
would  then  be  128  and  120.  By  taking  a fourth  part  from  them, 
they  become  pinions  of  6 ; in  this  case  the  wheels  would  be  48  and 
45,  as  6x8=48,  and  6x7i=45.  The  revolutions  of  the  last  pinion 
may  be  found  without  the  use  of  fractions.  Let  the  product  of  the 
wheel  teeth,  when  multiplied  into  one  another,  be  divided  by  the 
product  of  the  pinions,  the  quotient  will  be  the  number  of  revolu- 
tions of  the  last  pinion,  which  here  will  be  evident,  for  64x60= 
8840-7-64=60.  Whatever  number  of  teeth  is  cut  in  the  last  or 
swing  wheel,  it  will  give  double  the  number  of  vibrations  for  every 
revolution ; then,  if  the  number  of  teeth  is  80,  the  vibrations  will 
be  60 ; and,  as  it  makes  60  revolutions  in  an  hour,  it  must  make 
3600  vibrations  in  an  hour,  for  60x60=3600.  If  the  pinions  here, 
in  place  of  being  driven,  were  made  the  drivers,  or,  more  pro- 
perly, the  leaders,  as  in  orreries,  or  planetariums,  and  what  was  the 
last  pinion  before,  to  be  placed  as  the  first  leader,  making  its  re- 
volution in  an  hour,  then  the  first  wheel  before,  being  now  last  in 
the  order,  would  take  3600  hours,  or  150  days,  to  make  one  revolu- 
tion. 

The  number  of  vibrations  in  an  hour  being  given,  likewise  the 
numbers  of  the  wheel  teeth,  and  of  the  pinion  leaves,  to  know  what 
must  be  the  number  to  cut  for  the  swing  wheel  teeth.  The  product 
of  the  numbers  of  the  wheel  teeth  multiplied  into  one  another,  di- 
vided by  the  product  of  the  pinions,  the  quotient  will  give  the 
number  of  the  revolutions  which  the  swino;  wheel  must  make  in 
an  hour ; the  given  number  of  vibrations  in  an  hour  being  divided 
by  this  quotient,  will  give  double  the  number  of  the  swing  wheel 
teeth. 

Examples . — Given  7200  as  the  number  of  vibrations  required  in  an 
hour,  the  wheels  having  80  teeth  each,  and  the  pinions  8 leaves  each ; 
required  the  number  of  teeth  to  be  cut  in  the  swing  wheel,  so  as  to 
give  this  number  of  vibrations  in  an  hour  l 

Here  80x80=6400-^64=100  and  7200-^100=72,  the  half  of 
this  is  36,  being  the  number  for  the  swing  wheel  teeth.  Let  the 
required  number  of  vibrations  be  7560,  the  wheels  90  and  84,  and 
the  pinions  8 each ; what  must  be  the  number  of  teeth  in  the  swing 
wheel  ? — 90x84=7560-7-64=118.125,  and  7560-^118.125=64;  the 
number  of  teeth  in  the  swing  wheel  must  then  be  32.  The  num- 
ber of  vibrations  being  6720,  the  wheels  84  and  80,  the  pinions  8 
each,  what  number  is  required  for  the  swing  wheel  teeth  l — 
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84x80=6720-i-64=105,  and  6720-7-105=64,  the  swing  wheel  teeth 
are  then  32.  It  might  happen  that  the  number  of  vibrations 
required,  and  the  numbers  of  the  wheel  teeth,  and  of  the  pinion 
leaves,  may  be  so  incommensurate,  that  the  quotient  obtained, 
besides  being  a whole  number,  may  have  some  decimal  parts  an- 
nexed to  it,  which  would  in  this  case  be  improper,  and  could  not  be 
used. 

In  order  to  ascertain  what  the  numbers  for  the  wheel  teeth  of  a 
clock  or  watch  movement  should  be,  three  things  are  requisite  to  be 
known  or  fixed  upon  : First,  the  number  of  beats  to  be  given  in  a 
minute  or  in  an  hour  ; Second,  the  number  of  the  pinions  and  of  their 
leaves  ; and,  Third,  the  number  of  teeth  it  is  intended  for  the  swine: 
or  balance  wheel  to  have. 

Buie. — The  number  of  vibrations  or  beats  in  an  hour,  being  multi- 
plied by  the  number  of  leaves  in  each  pinion,  or,  what  is  the  same 
thing  each  pinion  being  multiplied  into  one  another,  and  with  the 
product  multiply  the  number  of  vibrations  in  an  hour,  this  last  pro- 
duct being  divided  by  double  the  number  intended  for  the  swing,  or 
balance  wheel,  will  give  for  the  quotient  such  a number,  that  when 
divided  by  prime  numbers,  first  by  two,  as  often  as  it  will  divide  by 
two,  without  leaving  a remainder ; then  by  three,  as  often  as  it  will 
divide  by  it ; by  five,  as  often  as  it  will ; and  bv  7,  11,  13,  &c.,  until 
no  remainder  is  left ; and  afterwards  arranging  the  divisors,  they  may 
be  made  out  so , as  to  have  sets  of  them,  which  when  multiplied  into 
one  another,  will  give  the  proper  numbers  for  the  wheel  teeth  required. 
A few  examples  will  make  the  matter  so  plain  and  easy,  that  few  can 
fail  to  comprehend  them  ; and  the  numbers  in  a common  clock  move- 
ment being  known  to  almost  every  clock-maker,  an  example  of  it  shall 
be  taken  for  the  first,  in  order  that  the  beauty  and  facility  of  the  rule 
may  the  more  readily  be  seen. 

The  vibrations  or  beats  of  a common  seconds  pendulum  clock  are 
60  in  a minute,  or  3600  in  an  hour ; the  pinions  are  commonly  two 
of  8 leaves  each,  and  the  swing  wheel  having  30  teeth  : Bequired  the 
number  of  teeth  that  must  be  put  into  the  second  and  third  wheels  1 

The  two  pinions  of  8,  multiplied  together,  make  64,  and  3600  being 
multiplied  by  64,  gives  for  the  product  230400,  which,  divided  by  60, 
the  double  of  the  number  of  teeth  in  the  swing  wheel,  we  obtain  a 
quotient  of  3840 ; and  this  last  being  divided  by  2,  3,  and  5,  will  by 
the  divisors,  when  taken  in  separate  sets  and  multiplied  into  one 
another,  give  two  numbers,  which  will  be  those  of  the  teeth  for  the 
second  and  third  wheels. 
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3600x8x8=60=  3840 
1920 
960 
480 
240 
120 
60 
30 
15 
5 
1 


2 

2 

2 

2 

2 

2 

2 

2 

3 

5 


Here  the  divisors  are  eight  2s,  one 
3,  and  a 5,  which,  when  arranged 
into  proper  sets,  will  give  the  numbers 
for  the  teeth  of  each  wheel. 
2x2=4x2=8x2=16x2=32x2=64 
2x2=  4x3=12x5=60 

The  number  64  is  given  for  the 
teeth  of  the  second  wheel,  and  60  for 
those  on  the  third  wheel ; or  the  num- 
bers for  the  wheels  may  be  vice  versa. 


The  vibrations  being  1800  in  an  hour,  two  pinions  of  10  leaves  each, 
and  the  swing  wheel  30  teeth  : Required  the  numbers  for  the  teeth  of 
the  second  and  third  wheels  ? 


1800x10x10=60=  3000 
1500 
750 
375 
125 
25 
5 
1 


2 This  gives  for  the  divisors  three 

2 2*,  one  3,  and  three  5%  which,  when 

2 arranged  into  two  sets,  give  the 

3 numbers  60  and  50  for  the  teeth  of 
5 the  second  and  third  wheels. 

5 2x2=4x3=12x5=60 

5 2x5=10x5=50. 


Having  two  pinions  of  12  each,  and  the  swing  wheel  with  32  teeth  : 
Required  the  numbers  for  the  teeth  of  the  two  wheels,  so  as  to  give 
100  vibrations  in  a minute  i 


1 00  X 60  X 12  X 12 = 864000  -r  64  = 1 3500 

6750 

3375 

1125 

375 

125 

25 

5 

1 


2 Here  are  two  2s,  three  3s,  and  three 

2 5s,  which,  made  into  proper  sets,  will 

3 give  the  numbers  for  the  teeth  of  the 

3 wheels. 

3 

5 

5 5X5  = 25X^  = 125 

5 2X2=4X3=12X3=36X3=108 


By  this  is  shown,  that  a second  wheel  of  125  teeth,  and  a third  wheel 
of  108,  the  swing  wheel  32,  and  two  pinions  of  12  each,  will  give  100 
vibrations  in  a minute. 


Two  pinions  of  10  each,  and  the  swing  wheel  30  : Required  the 
numbers  for  the  teeth  of  the  two  wheels,  so  as  to  give  1 00  vibrations 
in  a minute  ? 
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100x60x10x10-7-60=  10000 
5000 
2500 
1250 
625 
12& 
25 
5 
1 


2 

2 

2 

5 

5 

5 

5 


The  divisors  of  this  being 
four  2s,  and  four  5s,  when  put 
into  sets,  will  give  100  for 
the  teeth  of  each  wheel. 


2x2=4x5=20x5=100 

2x2=4x5=20x5=100 


Two  pinions  of  8 leaves  each,  and  the  swing  wheel  80 : Required 
the  numbers  of  the  second  and  third  wheels,  so  as  to  give  120  vibra- 
tions in  a minute  ? 


120x60x8x8-7-60=  7680 
8840 
1920 
960 
480 
240 
120 
60 
80 
15 
5 
1 


2 

2 

2 

2 

2 

2 

2 

2 

2 

8 

5 


Nine  2s,  one  8,  and  a 5,  when 
properly  arranged,  will  give  the 
numbers  96  and  80  for  the  teeth  of 
the  two  wheels. 


2x2=4x2=8x2=16x2=82x8=96 
2x2=4x2=  8x2=16x5=80 


There  are  some  cases  where  the  double  of  the  number  of  the  swine; 
wheel  teeth,  will  not  divide  the  product  of  the  vibrations  in  an  hour 
multiplied  by  the  pinions,  without  leaving  a remainder ; and,  even 
where  no  remainder  is  left,  there  are  sometimes  such  disproportionate 
and  prime  numbers  given  for  the  wheel  teeth,  as  could  not  well  be 
adopted  in  practice ; assuming  118  for  the  number  of  vibrations  in  a 
minute  is  one  of  those  cases. 


The  swing  wheel  having  32  teeth,  a pinion  of  9,  and  one  of  8,  the 
vibrations  102  in  a minute : Required  the  numbers  for  the  teeth  of 
the  second  and  third  wheels  ? 


102x60x9x8-7-64  =6885 
2295 
765 
255 
85 
17 
1 


3 

3 

3 

3 

5 

17 


The  divisors  are  four  3*,  one  5,  and  a 17,  which 
last  being  a prime  number,  cannot  be  farther 
divided;  taking  it  therefore  with  the  5,  will  give 
85  for  the  second  wheel,  the  four  35  will  give  the 
other. 


5x17=85  second  wheel 
3x3=9x3=27x3=81  third  wheel. 
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The  vibrations  being  115  in  a minute,  the  pinions  8 each,  and 
the  swing  wheel  30  : What  must  be  the  numbers  for  the  teeth  of  the 
wheels  ? 


115x60x8x8^-60=  7360 

2x2=  4x23=92 
2x2=4x2=8x2=16x  5=80 


The  divisors  are  six  2*,  one  5,  and  a 23. 
The  wheels  92, 80  and  30,  and  2 pinions 
of  8 each  ; will  give  115  vibrations  in 
a minute. 


The  two  foregoing  examples,  although  they  are  within  the  limits  of 
practice,  may  serve  to  show  that  larger  prime  numbers  may  occur, 
and  consequently  be  unfit  for  use,  as  is  the  case  in  assuming  118 
for  the  beats  in  a minute,  as  noticed  above,  where  the  prime  number 
59  is  the  constant  result  of  the  division,  and  which  number  is  quite 
incommensurate  with  the  other  divisors  to  make  proper  sets  for  the 
numbers  of  the  wheel  teeth. 


The  vibrations  108  in  a minute,  the  pinions  8 and  7,  the  swing 
wheel  30  : What  must  be  the  numbers  for  the  wheel  teeth  ? 


108x60x8x7^-60=  6048 

2x2=4x3=12x7=  84 
2x2=4x2=8x3=24x3=  72 


The  divisors  are  five  2s,  three  3",  and 
a 7 ; the  wheels  84,  72,  and  30  ; the 
pinions  8 and  7 ; will  give  108  vibra- 
tions in  a minute. 


The  number  of  examples  given,  is  in  order  that  the  rule  may  be- 
come the  more  familiar  and  easy.  Those  who  wish  to  prosecute  this 
subject,  and  would  require  to  have  rules  for  finding  not  only  the 
numbers  for  the  wheel  teeth,  but  to  find  at  the  same  time  the  num- 
bers for  the  pinion  leaves,  and  the  numbers  for  the  teeth  of  swing  or 
balance  wheels,  are  referred  to  Elemens  de  Meclianique  Statique , 
tome  second , troisieme  edition , par  M.  Camus , a Paris , de  VImpri - 
merie  de  P vault , 1767,  or  an  English  translation  of  this  part  of  it,  for 
J.  Taylor,  at  the  Architectural  Library,  No.  59,  High  Holborn, 
London,  1806.  These  problems  by  Camus , are  more  requisite  for 
the  finding  of  such  numbers  for  wheels  and  pinions,  as  will  give  the 
nearest  times  for  the  revolutions  of  the  planets,  in  planetariums 
or  orreries,  than  for  any  motion  wanted  in  clock  or  watch-work 
simply. 

The  preceding  rule  applies  equally  to  the  finding  of  numbers  for  the 
wheel  teeth  in  watch  movements ; and,  for  the  sake  of  the  watch- 
movement  maker,  some  examples  shall  be  given. 
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For  the  first  example,  let  that  of  a common  watch  be  taken,  where 
the  balance  wheel  has  15  teeth,  three  pinions,  having  six  leaves  each, 
and  the  beats,  train,  or  vibrations  in  an  hour  is  17280  : Required  the 
numbers  for  the  teeth  of  the  second,  third,  and  fourth,  (or  contrate) 
wheels  ? 

Vibrations  per  minute  288x60x6x6x6-7-30=124416 


2x3=6x3=18x3=54 

2x2=4x2=8x2=16x3=48 

2x2=4x2=8x2=16x3=48. 


The  divisors  here  will  be  found  to  con- 
sist of  nine  2s,  and  five  3*,  which,  when 
properly  arranged,  will  give  for  the 
numbers  of  the  wheel  teeth,  54,  48,  and 
48,  with  a balance  wheel  of  15  teeth, 
and  three  pinions  of  6 each,  will  give 
a train  of  17280,  the  beats  in  an  hour. 


The  train  is  18000  in  an  hour,  the  balance  wheel  15  teeth,  and 
three  pinions  of  6 leaves  each  : Required  the  numbers  for  the  second, 
third  and  fourth  wheels  ? 

Vibrations  per  minute  300x60x6x6x6-^30=129600.  The  divi- 
sors of  which  are  six  2s,  four  3",  and  two  5s. 

3x3=9x3=27x2=54  'I 

2x5=10x5=50  > The  numbers  for  the  wheel  teeth. 
2x2=4x2=8x2=16x3=48.  J 

These  divisors  can  be  arranged  into  another  set  of  numbers  should 
it  be  thought  necessary,  as  thus  : 


2x2=4x3=12x5=60 
2x2=4x2=8x2=16x3=48 
3x3=  9x5=45. 


} 


Numbers  given  for  the  teeth  of  the 
wheels. 


Taking  the  train  17280,  the  balance  wheel  14,  two  pinions  of  8, 
and  one  of  7,  what  must  be  the  numbers  for  the  teeth  of  the  three 
wheels  \ 

172S0x8x8x7-j-28=276480.  The  divisors  are  eleven  2?,  three  3*, 
and  one  5. 


2x2=4x2=  8x3=24x3=72 
2x2=4x2=8x2=16x2=32x2=64 
2x2=  4x3=12x5=60. 


) Numbers  given  for  the  wheel 
j teeth. 


If  the  number  72  is  taken  for  the  fourth  wheel,  then  this  will  be  a 
fourth  wheel  seconds  movement. 
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The  beats  in  an  hour  17920,  two  pinions  of  8,  and  one  of  7,  the 
balance  wheel  14  : Required  the  numbers  for  the  teeth  of  the  second, 
third,  and  fourth  wheels  ? 

17920x8x8x7-^28=286720,  whose  divisors  are  thirteen  2*,  one  5, 
and  a 7. 


2x5=10x7=70 

2x2=4x2=8x2=16x2=32x2=64 

2x2=4x2=8x2=16x2=32x2=64. 


( Numbers  given  for  the  teeth 
f of  the  wheels. 


The  beats  in  an  hour  being  assumed  at  18000,  two  pinions  of  10, 
and  one  of  8,  the  balance  wheel  15  teeth  : Required  the  numbers  for 
the  teeth  of  the  second,  third,  and  fourth  wheels  ? 

18000x10x1  0x8h-30=480000.  The  divisors  are  eight  2',  one  3, 
and  four  5*. 


2x2=4x2=8x2=16x5=80  4 

2x2=4x2=8x2=16x5=80  5-  Numbers  for  the  wheel  teeth. 
3x5=15x5=75.  J 

If  the  fourth  wheel  in  this  is  made  80,  that  is,  changing  places  and 
numbers  with  the  third  wheel,  it  will  then  become  a fourth  wheel 
seconds  movement. 

Given  18432  for  the  beats  in  an  hour,  the  pinions  8 each,  and  the 
balance  wheel  16 : Required  the  numbers  for  the  teeth  of  the  three 
wheels  ? 

18432x8x8x8-4-32=294912.  The  divisors  are  fifteen  2',  and  two 
3’ ; (or  one  9,  which  is  the  same  thing ; yet,  properly  speaking,  9 
should  never  in  these  cases  be  expressed,  although  it  may  be  implied, 
as  it  is  not  itself  a prime  number.) 

2x2=  4x2=  8x9=72  1 

2x2=4x2=8x2=16x2=32x2=64  > Numbers  for  the  wheel  teeth. 
2x2=4x2=8x2=16x2=32x2=64.  J 


Given  360  beats  in  a minute,  or  21600  in  an  hour,  the  pinions  8 
each,  and  the  balance  wheel  1 5 : What  numbers  will  be  required  for 
the  teeth  of  the  wheels  ? 

21600x8x8x8-4-30=368640.  The  divisors  are  thirteen  2s,  two  3', 
and  a 5. 


2x2=4x2=  8x2=16x5=80  The  numbers  for  the  wheel 
2x2=4x2=  8x3=24x3=72  Ueeth. 
2x2=4x2=8x2=16x2=32x2=64.  J 

b 2 
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Given  18000  beats  in  an  hour,  the  pinions  8,  and  the  balance 
wheel  15 : What  numbers  will  be  required  for  the  teeth  of  the 
wheels  ? 

18000x8x8x8-^30=307200.  The  divisors  are  twelve  2%  one  3, 
and  two  5s. 


8x5=15x5=75 

2x2=4x2=8x2=16x2=32x2=64 

2x2=4x2=8x2=16x2=32x2=64. 


The  numbers  for  the  wheel 
teeth. 


Given  the  same  as  the  preceding  example,  only  the  balance  wheel 
16  in  place  of  15  : To  find  the  numbers  for  the  wheel  teeth  ? 

18000x8x8x8-7-32=288000.  The  divisors  are  eight  2s,  two  3*, 
and  three  5\ 


2x2=4x2=8x2=10x2=32x2=64  V Tbe  numbers  for  the  wheel 
2x2=  4x5=20x3=60.  ) teetil> 

Given  20250  for  the  train,  pinions  of  6,  and  the  balance  wheel  1 5 : 
To  find  the  numbers  for  the  wheel  teeth  l 

20250x6x6x6-7-30=145800.  The  divisors  are  three  2s,  six  3s,  and 
two  5*. 


3x3=9x3=27x2=54  ) 

3x3=9x3=27x2=54  > The  numbers  found  for  the  wheel  teeth. 
5x5=25x2=50.  J 

Given  7200  beats  in  an  hour,  the  pinions  8,  and  the  balance  wheel 
15  : To  find  the  numbers  for  the  teeth  of  the  wheels  ? 

7200x8x8x8-^30=122880.  The  divisors  are  thirteen  2s,  one  3, 
and  a 5. 

2x2=4x2=8x2=16x2=32x2=64  ^ 

2x2=4x2=  8x2=16x3=48  >-  Numbers  for  the  wheel  teeth. 
2x2=  4x2=  8x5=40.  J 

Given  14400  beats  in  an  hour,  the  pinions  8 each,  and  the  balance 
wheel  15  : To  find  the  numbers  for  the  teeth  of  the  wheels  ? 

14400x8x8x8-7-30=245760.  The  divisors  are  fourteen  2\  one  3, 
and  a 5, 

2x2=4x2=8x2=16x2=32x2=64  ) 
2x2=4x2=8x2=16x2=32x2=64  V Numbers  for  the  teeth. 

2x2=  4x3=12x5=60.) 
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Making  the  third  wheel  60,  and  the  fourth  wheel  64,  it  becomes  a 
fourth  wheel  seconds  movement. 

The  beats  in  an  hour  being  14400,  the  pinions  10  each,  and  the 
balance  wheel  15  : Required  the  numbers  for  the  wheel  teeth? 

Vibrations  in  a minute  240x60x10x10x10-^-30=480000.  The 
divisors  are  eight  2*,  one  3,  and  four  5s. 

2x2=4x2=8x2=16x5=80  ) 

3x5=15x5=75  > Numbers  for  the  wheel  teeth. 
2x2=4x2=8x2=16x5=80.  J 

The  beats  in  an  hour  14400,  two  pinions  of  12,  and  one  of  10,  the 
balance  wheel  16 : What  must  be  the  numbers  for  the  wheel  teeth? 

14400x12x12x10-^-32=648000.  The  divisors  are  six  2s,  four  3', 
and  three  5*. 

2x2=4x2=8x2=16x2=32x3=96  ) 

2x3=  6x3=18x5=90  > Numbers  for  the  wheel  teeth. 
3x5=15x5=75.  J 

The  same  as  the  preceding,  only  the  pinions  here  are  all  1 2. 
14400xl2xl2xl2-=-32=777600.  The  divisors  are  seven  2s,  five 
3*,  and  two  5s. 

2x2=4x2=8x2=16x2=32x3=96  ) 

2x3=  6x3=18x5=90  > Numbers  for  the  wheel  teeth. 
2x3=  6x3=18x5=90.] 

Slow  trains  are  suited  only  for  box  chronometers ; 14400  has  been 
generally  adopted  ; and  where  the  balance  wheels  have  12,  14,  15,  or 
16  teeth,  numbers  for  the  teeth  of  the  other  wheels  may  easily  be 
obtained.  But  with  common  numbers  for  the  teeth  of  the  wheels  and 
leaves  of  the  pinions,  and  a balance  wheel  of  13,  the  seconds  hand 
cannot  point  in  a regular  order  to  the  seconds,  on  the  seconds  circle. 
The  nearest  approximation  to  this  is  by  making  the  fourth  wheel  74, 
and  the  balance  wheel  pinion  8,  the  train  would  then  be  14430,  being 
240.5  beats  in  a minute  in  place  of  240.  If  we  take  numbers  such 
as  are  not  altogether  impracticable  for  the  fourth  wheel,  and  balance 
wheel  pinion,  the  balance  wheel  being  13,  we  can  get  14400  exactly; 
a fourth  wheel  of  120,  and  a balance  wheel  pinion  of  13,  will  do  this. 

The  following  shows  the  train  of  14400,  with  fourth  wheels  and 
balance  wheels,  with  their  pinions  of  different  numbers.  The  fourth 
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wheel  is  divided  by  the  balance  wheel  pinion  ; the  quotient,  multiplied 
by  double  of  the  number  in  the  balance  wheel  teeth,  gives  the  beats 
in  a minute. 


8)80(10x24double  the  number  of  thebalancewheel=240x60=14400. 
13)120(9^x26  - 240x60=14400. 


10)80(8  x30  -----  - 240x60=14400. 

10)  75  (7i  x32  -----  240x60=14400. 

The  beats  18000  in  an  hour,  two  pinions  of  8,  and  one  of  7,  the 
balance  wheel  beinsr  15  : Reouired  the  numbers  for  the  teeth  of  the 

O A 

wheels  ? 

Vibrations  in  a minute  300x60x8x8x7^30=268800.  The  di- 
visors are  nine  2s,  one  3,  two  5s , and  a 7. 


2x2=4x2=  Numbers  for  the  wheel  teeth. 


These  numbers  are  suitable  for  a fourth  wheel  seconds  movement  by 
putting  70  for  the  fourth  wheel,  but  this  makes  the  teeth  to  be  rather 
fine ; and  where  fourth  wheel  seconds  are  not  intended,  it  is  in  favour 
of  the  movement  to  have  the  wheels  in  the  order  of  70,  64,  and  60. 

Although  there  are  more  examples  given  for  finding  numbers  for 
the  teeth  of  wheels  than  might  be  thought  necessary,  it  was  judged 
proper  not  to  set  any  of  them  aside  that  have  been  given. 

When  the  numbers  of  the  wheel  teeth,  and  of  the  pinion  leaves, 
are  known,  the  train  or  beats  in  an  hour  in  either  a clock  or  watch, 
is  obtained  by  multiplying  the  wheels  into  one  another,  and  the  pro- 
duct by  the  double  of  the  number  of  teeth  in  the  swing  or  balance 
wheel,  and  this  last  product,  divided  by  the  amount  of  the  pinions 
multiplied  into  one  another,  will  give  for  the  quotient  the  number 
of  beats  in  an  hour. 

Take  for  example  the  wheels  72,  64,  64,  and  16,  three  pinions  of  8 
each  to  find  the  train  ? 

72x64x64x32=9437l84-f-8x8x8=512  gives  the  train  18432. 

When  the  movement  is  for  a fourth  wheel  seconds,  then  the  train 
is  got  by  dividing  the  fourth  wheel  by  the  balance  wheel  pinion,  the 

* The  numbers  here  can  be  7 and  GO,  which  is  dividing  the  fraction1^  by  2. 


*14)120(84-  x28 


240x60=14400. 
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quotient,  multiplied  by  double  of  the  number  of  teeth  in  the  balance 
wheel,  and  then  by  60,  will  give  the  beats  or  train  in  an  hour. 

Let  the  fourth  wheel  be  80,  the  balance  wheel  15.  and  its  pinion  8. 

Then  80-^8=10x30x60=18000,  the  train  required. 

It  may  be  observed,  that  the  rule  for  finding  the  train  is  nearly 
the  converse  of  that  for  finding  the  teeth  of  the  wheels.  And  as  the 
number  which  is  decomposed  into  divisors  is  the  product  of  the  wheel 
teeth  multiplied  into  one  another ; so  this  again,  being  multiplied  bv 
double  of  the  number  of  the  balance  wheel  teeth,  and  divided  by  the 
train,  the  quotient  will  be  that  number,  which  when  resolved  into  di- 
visors and  properly  arranged,  will  become  numbers  for  the  pinion 
leaves. 

It  is  evident,  that  if  the  number  9437184  be  divided  by  the  train 
18432,  that  the  quotient  512  must  be  the  product  of  the  pinions  mul- 
tiplied into  one  another.  The  divisors  of  512  are  nine  2s,  making 
three  sets  of  2x2=4x2=8,  all  the  pinions  being  8. 

The  product  of  the  wheels  96,  90,  75,  and  32,  the  double  of  the 
balance  wheel,  being  divided  by  the  train  14400,  the  quotient  will  be 
1440,  whose  divisors  are  five  2%  two  3s,  and  a 5 ; arranging  them  will 
show  the  pinions. 

2x2=4x3=12  'I 

2x2=4x3=12  > Numbers  for  the  pinion  leaves. 

2x5=10.  J 

It  deserves  to  be  remarked,  that  it  has  been  frequently  the  prac- 
tice to  put  an  odd  number  of  teeth  into  the  balance  wheel,  although 
the  nature  of  the  scapement  would  have  allowed  one  of  an  even  num- 
ber, all  other  circumstances  being  made  to  accord ; this  seems  to  have 
arisen  from  the  old  crown  wheels,  whose  scapement  would  admit  no 
other  number  but  an  odd  one,  (as  has  already  been  mentioned  in 
page  11.) 

In  movements  intended  to  give  seconds  by  the  fourth  wheel  in  a 
watch  or  chronometer  of  any  kind,  having  assumed  the  train,  and  the 
number  of  teeth  in  the  balance  wheel,  nothing  more  is  wanting  than 
to  find  the  number  of  turns,  (and  parts  of  a turn  when  there  are  any) 
that  the  balance  wheel  must  make  in  a minute,  from  which  is  derived 
the  number  for  the  balance  wheel  pinion,  and  by  it  is  obtained  that 
for  the  teeth  of  the  fourth  wheel. 

The  numbers  for  the  teeth  of  the  second  and  third  wheels,  and  for 
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the  third  and  fourth  wheel  pinions,  whatever  they  are,  ought  always 
to  give  the  revolutions  of  the  fourth  wheel,  to  those  of  the  second 
wheel  in  the  constant  ratio  of  60  to  1. 

It  may  be  thought  unnecessary  to  mention  here,  that  for  this  pur- 
pose the  number  of  teeth  in  the  second  wheel  should  be  eight  times 
that  of  the  third  wheel  pinion,  and  those  in  the  third  wheel  seven  and 
a half  times  that  of  the  fourth  wheel  pinion.  Indeed  it  will  be  the 
same  thing  whether  the  greater  number  is  put  into  the  second  or 
third  wheel,  provided  the  pinions  be  contained  in  these  numbers  8 
times  and  7J  times.  If  the  number  of  teeth  in  the  second  wheel, 
when  multiplied  by  those  in  the  third  wheel,  and  the  product  divided 
by  that  of  the  third  and  fourth  wheel  pinions  multiplied  into  one 
another,  have  60  for  the  quotient,  they  will  then  be  in  their  proper  ratio. 

Now  to  find  the  numbers  for  the  balance  wheel  pinion,  and  the 
fourth  wheel,  in  a fourth  wheel  seconds  watch.  As  a first  example 
in  this  way , we  may  take  the  train  of  a common  watch,  which  in 
general  is  17280,  the  number  of  teeth  in  the  balance  wheel  15,  and 
let  the  fourth  or  contrate  wheel  be  supposed  to  make  a revolution  in 
a minute  : It  is  required  to  find  the  numbers  for  the  balance  wheel 
pinion,  and  for  the  teeth  of  the  fourth  wheel  ? 

Rule. — Divide  the  train  by  60,  the  quotient  will  be  the  train  or 
beats  in  a minute,  which  being  subdivided  by  double  the  number  of 
teeth  in  the  balance  wheel,  will  give  the  number  of  revolutions,  (and 
fractional  parts  of  a revolution  when  there  are  any,)  made  by  the 
balance  wheel  in  a minute.  If  the  revolutions  are  composed  of  a 
whole  number,  then  the  pinion  may  at  pleasure  be  any  number,  which 
when  multiplied  by  the  whole  number  in  the  quotient,  will  give  the 
number  for  the  fourth  wheel  teeth.  But  should  the  revolutions  of 
the  balance  wheel  be  in  whole  numbers,  and  fractional  parts  of 
another,  the  denominator  of  the  fraction  determines  the  number  of  the 
pinion ; and  the  number  for  the  fourth  wheel  teeth  is  obtained  by 
multiplying  the  denominator  by  the  whole  number,  to  which  the 
numerator  must  be  added,  making  what  is  called  an  improper  frac- 
tion, the  numerator  of  which  will  represent  the  number  for  the  fourth 
wheel  teeth,  and  the  denominator  that  for  the  pinion,  as  has  been  ob- 
served. The  train  1 7280  being  divided  by  60,  will  give  288  in  the 
quotient  for  the  train  or  number  of  beats  in  a minute,  and  this  sub- 
divided by  SO,  the  double  of  the  number  of  teeth  in  the  balance  wheel 
will  give  the  number  of  revolutions  and  parts  of  a revolution,  made 
by  the  balance  wheel  in  a minute,  which  in  this  case  will  give 
for  the  quotient,  as  thus,  30)288(9^$,  which  is  the  same  with  9^, 
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the  denominator  10  of  the  fraction  represents  the  number  for  the 
pinion,  and  the  whole  number  9 being  multiplied  by  it,  and  the  num- 
ber 6 added,  will  give  the  improper  fraction  -f-g-,  of  which  the  numer- 
ator 96  represents  the  number  for  the  fourth  wheel  teeth.  The 
fraction  -f-g-  may  be  reduced  to  y . where  5 represents  the  pinion,  and 
48  the  fourth  wheel.  Ten  for  the  pinion  may  be  thought  too  high, 
and  if  we  take  48  for  the  wheel,  and  5 for  the  pinion,  five  may  be 
thought  too  loic  a number. 

There  is,  however,  nothing  impracticable  here,  whether  the  pinion 
10  or  5 be  taken. 

Example  2 d.  Let  17400  be  assumed  for  the  train,  and  15  for  the 
balance  wheel  teeth,  what  must  be  the  numbers  for  the  balance  wheel 
pinion,  and  for  the  fourth  wheel  teeth  ? 

l7400-^60=290-7-30=9|-g-,  or  9£,  for  the  revolutions  of  the  balance 
wheel  in  a minute  ; the  mixed  number,  9|-,  as  it  is  called,  when  re- 
duced to  an  improper  fraction,  will  be  5y  ; the  numerator  58  being 
the  number  for  the  fourth  wheel  teeth,  and  the  denominator  6 for  that 
of  the  pinion. 

Example  3 d.  Take  the  train  18000,  and  the  balance  wheel  15  : to 
find  the  numbers  for  the  fourth  wheel  and  balance  pinion? 

18000h-60=300-;-30=10,  the  number  of  revolutions  made  by  the 
balance  wheel  in  a minute,  which  being  a whole  number,  any  num- 
ber may  be  taken  for  the  pinion ; if  7 is  taken,  then  the  fourth  wheel 
must  be  70 ; if  8 is  taken,  then  the  fourth  wheel  must  be  80. 

Example  4 th . Let  18432  be  assumed  for  the  train,  and  16  for  the 
balance  wheel : Required  the  numbers  for  the  balance  wheel  pinion, 
and  for  the  fourth  wheel  ? 

18432-7-60=307-jHr,  or  307.2^-32—9.6,  the  number  and  decimal 
parts  of  the  revolutions,  which  would  be  made  by  the  balance  wheel  in 
a minute;  the  pinion  here  must  be  10,  and  the  wheel  96,  as  repre- 
sented in  the  improper  fraction  obtained  from  9.6  or  9Ty=fg-. 

Example  5th.  The  train  18000,  the  wheel  14  ? 

18000-j-60=300-^-28=10§-§-,  or  10f=y.  With  the  same  train,  and 
a balance  wheel  of  16,  the  fraction  would  be  y . The  wheel  being  18, 
the  fraction  would  be  y . 

Example  6th.  The  train  21600,  the  wheel  15. 

21600-7-60=360-4-30=12,  and  12x7  taken  here  for  the  pinion,  will 
give  84  for  the  fourth  wheel. 
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Example  1th.  The  train  14400,  the  wheel  15  \ 

14400-5-60=240-5-30=8,  taking  10  for  the  pinion,  and  multiplying 
it  by  8,  gives  80  for  the  wheel. 

Example  8th.  The  train  14400,  the  wheel  14  ? 

14400-5-60=240-5-28=8^1,  or  8^=%°,  or  6T°  ; for  18000,  \5. 

Example  9th.  The  same  train  as  the  preceding,  with  a balance 
wheel  of  13  ? 

14400-5-60=240-5-26=9^-,  or  91Ar=11230.  This  is  the  only  frac- 
tion that  in  this  case  can  be  obtained  for  a balance  wheel  of  13  teeth; 
and  although  the  numbers  are  rather  high,  they  are  not  quite  imprac- 
ticable. 

It  has  been  alleged  by  some,  that  with  a balance  wheel  of  13 
teeth,  it  was  impossible  to  constitute  a box  chronometer,  and  to  have 
a train  of  14400.  An  eminent  maker  has  said  that  18000  was  the 
best  train  for  them,  at  the  same  time  giving  13  teeth  to  the  balance 
wheel  in  box  chronometers,  and  15  teeth  to  pocket  ones  : now  a train 
of  18000,  with  a balance  wheel  of  13  teeth,  cannot  possibly  be  ob- 
tained, unless  by  using  very  high  numbers  for  the  fourth  wheel,  and 
also  for  the  balance  wheel  pinion.  What  the  numbers  were  which 
he  adopted,  we  have  not  been  favoured  with,  and  are  of  the  opinion 
that  no  other  can  give  the  train  18000  but  the  following.  The  beats 
in  a minute  are  300  ; this  divided  by  the  double  of  1 3,  will  give  the 
revolutions  and  parts  of  a revolution  which  the  balance  wheel  must 
make  in  a minute.  300-5-26=1  l^f,  or  11T%;  this  reduced  to  an  im- 
proper fraction  gives  it  So  that  the  fourth  wheel  must  have  150 

teeth,  and  the  balance  wheel  pinion  13  leaves  ; and  without  these 
numbers,  it  is  impossible  to  obtain  18000  for  the  train,  the  balance 
wheel  having  13  teeth. 

Example  \9th.  The  train  7200,  the  balance  wheel  12  ? 

7200-5-60=120-5-24=5.  Taking  12  as  the  number  for  the  balance 
wheel  pinion,  it  will  require  60  for  the  fourth  wheel ; a pinion  of  1 4 
requires  70. 

The  foregoing  examples  apply  wholly  to  such  movements  as  are 
intended  for  fourth  wheel  seconds ; but  even  in  movements  wdiere 
there  are  no  fourth  wheel  seconds,  numbers  for  the  balance  wheel 
pinion,  and  fourth  wheel  teeth,  may  be  obtained,  provided  we  have 
those  in  the  second,  third,  and  balance  wheels,  and  in  the  third  and 
fourth  wheel  pinions,  along  with  the  assumed  train.  Let  the  common 
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train  of  17280  be  assumed,  the  second  wheel  72,  the  third  64,  the 
balance  wheel  15,  and  the  third  and  fourth  wheel  pinions  8 each  : 
Required  the  number  for  the  balance  wheel  pinion,  and  that  for  the 
fourth  wheel  ? 

Rule. — Find  how  many  seconds  the  fourth  wheel  pinion  takes  to 
make  a revolution  ; from  this  number  of  seconds,  calculate  the  train 
or  number  of  beats  given  by  the  balance  wheel  during  that  time,  the 
beats  being  divided  by  the  double  of  the  number  of  the  balance  wheel 
teeth,  the  quotient  will  give  the  number  of  turns  (and  fractional  parts 
of  a turn  when  there  are  any,)  made  by  the  balance  wheel  in  that 
time.  72x644-8x8=72,  the  fourth  wheel  then  makes  72  revolutions 
in  an  hour ; the  seconds  in  an  hour  are  36004-72=50,  which  is  the 
number  of  seconds  for  every  revolution  of  the  fourth  wheel  or  its 
pinion  ; the  train  in  a minute,  or  60  seconds,  is  288. 

Then  60  : 288  : : 50  : 240,  and  2404-80=8,  the  turns  made  in  50 
seconds  by  the  balance  wheel  or  its  pinion  ; the  fourth  wheel  must 
be  64,  and  the  balance  wheel  pinion  8,  which  will  be  turned  round  8 
times  in  50  seconds.  If  the  balance  wheel  was  14,  then  the  pinion 
would  be  7,  and  the  fourth  wheel  60,  as  240-j-28=8f=6T°. 

Let  the  train  assumed  be  18000,  the  balance  wheel  15,  the  second 
and  third  wheels  54  and  50,  the  third  and  fourth  wheel  pinions  6 each  : 
It  is  required  to  find  the  numbers  for  the  balance  wheel  pinion,  and 
for  the  teeth  of  the  fourth  wheel. 

The  fourth  wheel,  or  its  pinion,  takes  48  seconds  to  make  a revolu- 
tion. Then  as  60  : 800  : : 48  : 240-4-30=8,  the  number  of  revolu- 
tions which  the  balance  wheel  takes  to  give  240  beats.  If  we  take  6 
for  the  pinion,  the  wheel  will  be  48,  as  8x6=48. 

Take  as  the  last  example  : The  train  18000,  the  balance  wheel  15, 
the  second  and  third  wheels  80  each,  the  third  and  fourth  wheel  pinions 

10  each  : Required  the  numbers  for  the  balance  wheel  pinion  and  fourth 
wheel  teeth  ? 

The  fourth  wheel  pinion  takes  56.25  seconds  to  make  a revolu- 
tion; then,  as  60  : 800  : ; 56.25  : 281.254-80=9.875,  or  9f=y\— 
75  is  the  number  for  the  fourth  wheel,  and  8 for  the  balance  wheel 
pinion. 

Trains  for  common  watch  movements,  with  balance  wheels  of  13  or 

11  teeth,  are  not  readily  made  out,  from  the  frequent  recurrence  of 
prime  numbers,  which  are  so  high  as  to  be  unfit  for  the  number  of 
teeth  in  any  wheel.  The  following,  however,  are  trains  and  numbers 
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for  the  wheel  teeth,  where  the  balance  wheels  have  11  and  13 
teeth. 

The  train  assumed  is  17160,  the  pinions  6 leaves  each,  and  the 
balance  wheel  11  teeth:  Required  the  numbers  for  the  second,  third, 
and  contrate  wheels  ? 

17160x6x6x6-7-22=168480.  The  divisors  are  five  2s,  four  3*,  one 
5,  and  a 13 ; when  they  are  arranged,  may  stand  thus  : 


or  the  divisors  can  be  so  disposed  as  to  give  the  numbers  65,  54,  and 


Should  the  train  17160  be  thought  too  slow,  then  take  17732,  with 
pinions  of  6 each,  and  the  balance  wheel  11,  and  the  wheel  teeth  will 
be  62,  54,  and  52. 

Required  the  numbers  for  the  wheel  teeth,  where  the  pinions  are  8, 
7,  and  6,  the  balance  wheel  13,  and  the  train  17160? 

17160x8x7x6-^26=221760.  The  divisors  give  64,  63,  and  55 
for  the  numbers  of  the  wheel  teeth. 

With  the  same  pinion  and  balance  wheel,  the  train  fixed  at  17732, 
what  must  be  the  numbers  for  the  wheel  teeth  ? 

17732x8x7x6-^-26=229152.  From  the  divisors  here  are  obtained 
the  numbers  66,  62,  and  56,  for  the  wheel  teeth. 

The  pinions  8 each,  the  balance  wheel  13,  and  17732  the  train:  the 
wheels  required  for  this  are  88,  64,  and  62. 

The  pinions  7 each,  balance  wheel  13,  and  the  same  train  as  in  the 
last  two  cases  : the  wheels  required  are  77,  62,  and  49. 

Numbers  may  be  got  that  are  nearer  in  proportion  to  one  another 
than  those  in  the  last  two  examples  ; there  would  then  be  a fraction 
in  the  train  : but  this  might  be  considered  as  a thing  of  little  or  no 
consequence. 

The  following  are  a few  sets  of  wheels  and  pinions  whose  trains 
might  be  very  admissible  in  practice. 


2x2= 

2x3=  Numbers  for  the  wheel  teeth. 
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Wheels. 

Pinions. 

Trains. 

72, 

60,  66, 

13.  - 

- 7,  7,  7.  - 

- 18337f£ 

70, 

60,  54, 

13.  - 

ditto 

- 17191^ 

70, 

60,  55, 

13.  - 

ditto 

17513^j 

74, 

56,  56, 

13.  - 

ditto 

- 17590f 

74, 

56,  55, 

13.  - 

ditto 

- 17276}t 

74, 

56,  54, 

13.  - 

- 8,  7,  6.  - 

- 17316 

A balance  wheel  of  9 is  rather  an  uncommon  thing,  but,  if  a very 
flat  verge  watch  was  wanted,  the  train  17160  may  be  taken,  the  pinions 
being  6 each ; then,  in  this  case,  the  wheels  66,  60,  52,  and  9,  will 
give  the  train  here  assumed. 

When  a wTatch  movement  does  not  show  seconds  by  the  fourth 
wheel,  it  is  requisite  to  know  the  time  that  the  fourth  or  contrate 
wheel  takes  to  make  one  revolution ; for  knowing  this,  the  watch  can 
be  more  speedily  regulated  or  brought  to  time. 

Having  the  numbers  of  the  teeth  in  the  second  and  third  wheels, 
and  the  number  of  leaves  in  the  third  and  fourth,  or  contrate  wheel 
pinions,  it  is  easy  to  find  the  number  of  turns  that  the  contrate  wheel 
must  make  for  one  turn  of  the  second  or  centre  wheel ; and  the  time 
that  the  centre  wheel  takes  to  make  one  revolution  being  an  hour, 
from  this  can  be  found  the  time  that  the  contrate  wheel  takes  to  make 
one  revolution. 

The  numbers  of  the  second  and  third  wheel  .teeth,  in  a common 
watch  movement,  are  54  and  48,  the  third  and  contrate  pinions  are 
6 each ; then  to  find  the  revolutions  that  the  contrate  wheel  or  its 
pinion  must  make  for  one  revolution  of  the  second  wheel : — Rule , 
Multiply  the  numbers  of  the  second  and  third  wrheels  into  one 
another,  the  product  divided  by  that  of  the  third  and  contrate  wheel 
pinions  will  give,  for  quotient,  the  number  of  turns  that  the  contrate 
wheel  or  its  pinion  must  make  for  one  turn  of  the  second  wheel. — 
54x48=(2592)-^-6x6=(36)=72,  the  number  of  revolutions  which 
the  contrate  wheel  must  make  in  an  hour ; if  3600,  the  number  of 
seconds  in  an  hour,  be  divided  by  72,  it  will  give  in  the  quotient  50, 
for  the  number  of  seconds  that  the  contrate  wheel  takes  to  make  one 
revolution. 

The  wheels  72,  and  64,  the  pinions  8 each  ; how  many  revolutions 
does  the  contrate  or  fourth  wheel  make  in  an  hour,  and  how  many 
seconds  are  taken  in  each  revolution  ? 

72x64=(4608)-^-8x8=(64)— 72,  the  number  of  turns  in  an  hour  ; 
and  3600-^72=:50,  the  number  of  seconds  that  each  revolution  takes? 


so 
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— The  wheels  70,  and  64,  the  pinions  8,  give  70  for  the  number  of 
turns  in  an  hour,  and  51.43  seconds,  the  time  taken  for  one  revolu- 
tion.— The  wheels  54,  and  50,  the  pinion  6 ; the  revolutions  75,  the 
time  48  seconds  to  each. — The  wheels  75  and  64,  the  pinions  8,  give 
75  revolutions,  and  the  time  48  seconds. — The  wheels  75  and  64,  the 
pinions  10  and  8,  give  60  revolutions  each  in  a minute. — The  wheels 
54  and  52,  the  pinions  6,  give  75.22  revolutions ; 47.86  seconds  in 
time. — The  wheels  80,  and  64,  the  pinions  8,  give  80  revolutions  ; 
the  time  45  seconds  each.  A watch  movement  may  come  from  the 
maker  with  its  wheels  and  pinions  properly  adapted  for  the  train  in- 
tended ; but  this  may  be  rendered  of  no  avail,  unless  the  finisher  takes 
the  trouble  to  compute  what  number  of  teeth  the  balance  wheel  should 
have.  It  has  happened  (though  rarely)  from  a want  of  attention  to 
this,  that  a balance  wheel  has  been  cut  13,  in  place  of  15,  making  the 
train  15600  instead  of  18000. 

A centre  seconds  watch  whose  train  was  14400,  which  is  by  far 
too  slow  for  a pocket  watch,  and  therefore  it  was  necessary  to  liave 
it  altered,  and  made  quicker ; and  here  there  lay  some  difficulty,  owing 
to  its  having  centre  seconds,  and  more  particularly  so  when  a pinion 
of  7 and  a balance  wheel  of  14  is  wanted : by  the  former  method,  this 
process  required  to  be  frequently  gone  over  in  consequence  of  which 
we  took  a process  by  analysis. 

ls£,  Supposing  the  balance  wheel  to  have  14  teeth,  and  to  make 
10.5  turns  in  a minute,  then, 

14x2=28x10.5=294  the  beats  in  a minute. 

This  multiplied  by  60  the  minutes  in  an  hour, 

gives  - - - 17640  the  train  or  beats  in  an  hour. 

Again,  multiply  by  the  pinions  448  that  is  8x8x7=448, 

gives  for  product  - 7902720  From  this  deduce  numbers  for 

the  wheels, 

64  63 

70)7902720(1 12896)1764(28 

Then  with  the  wheels  70,  64,  63,  14,  the  pinions  8,  8,  and  7,  the 
train  will  be  17640  ; and  if  the  leading  pinion  on  the  balance  wheel 
pinion  arbor  be  8,  this,  multiplied  by  10.5  will  give  84  for  the  teeth 
of  the  centre  seconds  wheel,  which  will  be  carried  round  once  in  a 
minute  ; or  the  leading  pinion  may  be  6 if  the  wheel  is  63. 

2d,  Wheels  70,  64,  60,  15  ; pinions  8,  8,  7 ; train  18000;  lead- 
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ing  pinion  being  6,  7,  or  8.  The  seconds  wheel  will  be  accordingly 
60,  70,  or  80. 

Ten  turns  of  the  balance  wheel  in  a minute  gives  300  beats,  and 
this  multiplied  by  60,  the  minutes  in  an  hour,  gives  18000,  the  beats 
in  an  hour. 

30x10=300x60=18000 

Multiplied  by  the  product  of  the  pinions  - 448=8x8x7=418 


8064000 


64  60 

70)8064000(115200(1800(30.  Here  the  wheels  are  as  above,  and 
30,  the  double  of  15,  the  number  of  the  balance  wheel  teeth. 


3d,  28x11=308x60=18480 

Multiplied  by  the  product  of  the  pinions  - 448=8x8x7=448 


8279040 


66  64 

70)8279040(118272(1792(28.  Here  the  wheels  are  70,  66,  64, 
and  28,  the  double  of  14,  the  number  of  the  balance  wdieel  teeth  ; 
then  a pinion  of  7,  leading  a wheel  of  77,  will  turn  it  round  in  a 
minute. 


CHAPTER  III. 


Of  Dial  Wheels  or  Motion  W ork,  Length  of  Time  of  Going  without  Wind- 
ing Up ; and  of  the  Trains  for  Three  Part  Clocks , such  as  those  which 
strike  Quarters  of  themselves , or  give  Chimes  or  Tunes  as  Musical 
Clocks  do,  fyc.  (Sfc. 


To  show  how  to  compute  numbers  for  the  teeth  of  those  wheels  and 
pinions,  which  constitute  what  is  commonly  called  the  Dial  or  Motion 
Work  of  a clock  or  watch,  may  seem  unnecessary,  yet  to  assist 
those  who  may  not  have  had  practice  in  this  way,  a few  examples 
shall  be  given.  The  canon  pinion  which  goes  spring  tight  on  the 
arbor  of  the  centre  or  second  wheel,  prolonged  a little  above  the  sur- 
face of  the  dial,  carries  the  minute  hand  round  the  dial  in  an  hour. 
If  the  number  of  teeth  or  leaves  that  it  contains  be  multiplied  by  the 
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number  of  teeth  or  leaves  in  the  minute  wheel  pinion,  and  with  the 
product,  divide  the  product  of  the  hour  and  minute  wheels  multiplied 
into  one  another;  the  quotient  should  then  be  12,  equal  to  12  revolu- 
tions of  the  canon  pinion  and  minute  hand,  or  one  revolution  of  the 
hour  wheel,  and  hour  hand. 

Suppose  the  canon  pinion  to  have  10  leaves,  and  the  minute  pinion 
12,  these  multiplied  into  one  another  will  be  120  ; in  this  case  the 
hour  wheel  must  have  36  teeth,  and  the  minute  wheel  40,  which 
multiplied  into  one  another  produce  1440,  and  this  divided  by  120 
gives  12  for  the  quotient,  equal  to  12  revolutions  of  the  minute  hand, 
and  one  of  the  hour  hand.  Taking  four  times  the  number  of  the 
canon  pinion,  will  give  that  of  the  minute  wheel,  and  three  times  the 
minute  pinion,  will  give  that  of  the  hour  wheel.  If  the  numbers  of 
the  two  pinions  are  assumed,  they  will  lead  to  the  numbers  of  the  two 
wheels,  unless  they  are  such  as  to  bring  in  fractional  parts  into  the 
numbers  of  the  two  wheels.  In  the  case  where  the  canon  pinion  is 
10,  and  the  minute  pinion  12,  their  product  120,  multiplied  by  12, 
will  give  1440 ; this  divided  by  prime  numbers,  as  was  done  in  the 
case  of  finding  numbers  for  the  wheel  teeth  in  movements,  will 
give  divisors  when  right  arranged ; to  produce  numbers  for  the  teeth 
in  the  dial  wheels.  The  divisors  of  1440,  are  five  2s,  two  3s,  and  a 5. 


2x2— 4x2=  8x5=40  \ 
2x2=4x3=12x3=36.  j 


Numbers  for  the  teeth  of  the  dial  wheels. 


Twelve  being  the  number  of  revolutions  of  the  canon  pinion  and 
minute  hand,  for  one  revolution  of  the  hour  wheel  and  hour  hand,  be- 
comes the  constant  number,  by  which  the  product  of  the  canon  and 
minute  pinions  is  multiplied,  in  order  to  ascertain  numbers  for  the 
teeth  of  the  hour  and  minute  wheels. 

Let  the  numbers  assumed  for  the  canon  and  minute  pinions  be  12 
and  14,  these  multiplied  into  one  another  will  produce  168,  and  this 
again  multiplied  by  12,  the  constant  number,  will  give  2016,  whose 
divisors  are  five  2s,  two  3s,  and  a 7. 


2x2=4x2 — 8x2 — 16x3 — 48  1 T1  , f , ,,  - ,,  C Minute  wheel. 

2x3=  6x7=42.  j T 1 1 i Hour  ditt0- 

If  14  was  taken  for  the  canon  pinion,  42  and  12  for  the  minute  wheel 
and  pinion,  the  hour  wheel  48,  the  ratio  would  be  the  same — that  is, 
12  to  1. 
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Let  the  canon  pinion  be  14,  and  the  minute  wheel  pinion  16  : Re- 
quired the  numbers  for  the  teeth  of  the  minute  and  hour  wheels? 

14x16x12=2688,  whose  divisors  are  seven  25,  one  3,  and  a 7. 
2x2=4x2=8x2=16x3=48  } The  number  for  the  teeth  of  the  { hZ  ditto.™1' 

Although  not  so  direct  a method  as  breaking  the  number  down  by 
divisors,  it  may  be  seen  that  2688  is  divisible  by  48  into  56,  or  vice 
versa.  When  this  is  obvious,  recourse  need  not  be  had  to  getting  the 
number  of  the  teeth  by  divisors. 

In  the  case  of  a common  eight-day  seconds  clock,  it  may  be  seen 
that  the  number  3840  is  divisible  by  60  into  64,  which  were  the  num- 
bers got  for  the  wheel  teeth  from  the  divisors  in  breaking  it  down. 
But  where  a number  is  high,  such  as  124416,  got  from  a train  of 
17280,  it  requires  to  be  made  into  divisors  : The  wheels  here  are  54, 
48,  and  48,  which,  when  multiplied  into  one  another,  will  give 
124416,  and  this,  if  divided  by  54,  48,  and  48,  will  leave  no  re- 
mainder. 

Let  another  example  be  taken  for  dial  wheels,  where  the  canon 
pinion  is  18,  and  the  minute  wheel  pinion  is  20  ; What  must  be  the 
numbers  for  the  teeth  of  the  minute  and  hour  wheels  ? 


18x20x12=4320.  The  divisors  are  five  2s,  three  3f,  and  a 5. 


2x2=4x2=8x3=24x3=72  | 
2x2=4x3=12x5=60  J 


The  number  of  teeth  for  the  { 


The  dial  wheels  which  are  used  in  the  Stogden  repeating  motion 
work  of  a repeating  watch,  consist  of  a lantern  or  canon  pinion  of  4, 
leading  a wheel  of  48,  on  which  is  the  hour  snail ; concentric  with 
them  is  a wheel  driving  the  hour  wheel,  both  being  of  the  same  di- 
ameter and  number,  which  is  usually  35  or  36.  The  dial  wheels  of 
a common  eight-day  clock  are  somewhat  similar  to  those  in  Stogden 
motions,  only  put  in  a reverse  order.  Two  wheels,  of  equal  diame- 
ter and  number,  one  of  which  is  called  the  minute  pipe  wheel,  and 
has  place  of  that  of  the  canon  pinion,  the  other  is  the  minute  wheel, 
having  usually  a pinion  of  6,  7,  or  8,  leading  the  hour  wheel,  of  12 
times  the  number  of  teeth  to  that  of  the  pinion  leading  it,  which 
number  may  be  72,  84,  or  96,  according  as  the  minute  pinion  is  6,  7, 
or  8 ; the  minute  wheels  have  usually  42  teeth  each. 

To  find  how  long  a clock  or  watch  will  continue  to  go  before  re- 
quiring to  be  wound  up,  the  number  of  teeth  in  the  first  or  great 
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wheel,  and  the  number  of  the  pinion  which  it  drives,  must  be  known. 
The  number  of  teeth  in  the  great  wheel  of  the  going  part  of  a com- 
mon clock  is,  for  the  most  part,  96,  and  the  number  of  leaves  in  the 
centre  or  second  wheel  pinion  which  it  acts  in,  is  8,  and  makes  one 
revolution  in  an  hour ; so,  consequently,  it  must  make  12  revolutions 
for  one  of  the  great  wheel,  as  96,  divided  by  8,  is  equal  to  12.  Two 
revolutions  of  the  great  wheel  is  then  equal  to  21  hours,  and  16  turns 
or  revolutions  of  the  great  wheel  and  barrel  will  be  equal  to  8 days. 
The  diameter  of  the  barrel  must  depend  on  the  inside  length  or  height 
of  the  case  where  the  weight  falls. 

In  a common  watch,  the  number  of  leaves  in  the  second  or  centre 
wheel  pinion  is  12,  and  makes  one  revolution  in  an  hour,  the  number 
of  the  great  wheel  teeth  which  drives  it  being  48 ; for  one  revolution 
of  which  the  second  wheel  pinion  must  make  four,  equal  to  four 
hours,  the  great  wheel  turning  with  the  fusee  having  seven  and  a 
half  turns  of  a spiral  groove  cut  on  it ; 7i  being  multiplied  by  4,  will 
give  the  length  of  time  which  the  watch  will  go  before  it  requires 
to  be  wound  up.  7,  multiplied  by  4,  is  equal  to  28,  the  half  turn  is 
equal  to  two  more,  making  in  all  30  hours  that  the  watch  will  go  be- 
fore it  can  be  run  down,  or  require  to  be  wound  up  ; but  the  winding 
up  of  a watch  is  done  regularly,  or  as  nearly  so  as  may  be,  at  the  end 
of  every  twenty-four  hours,  being  a more  regular  kind  of  period,  and, 
at  the  same  time,  taking  the  power  of  the  main  spring  more  at  an 
equality  of  force. 


Hours. 

For  the  clock  the  ratio  may  be  put  thus  96-=-  8=12X16  =192  > 
For  the  watch  the  ratio  may  be  put  thus  48=12=  4X7.5=  30  ) 


The  time  it  will  go. 


When  a clock  is  required  to  go  a month,  or  32  days,  it  must  have 
an  additional  wheel  and  pinion  to  that  of  the  eight-day  clock.  The 
centre  wheel,  (or  second  in  ordinary,)  becomes  the  third  wheel  in 
the  movement.  In  32  days  there  are  768  hours,  and  to  find  the 
numbers  for  the  teeth  of  the  great  and  second  wheels  for  a clock 
to  go  that  time,  the  numbers  for  the  pinions  of  the  second  and  centre 
wheels  must  be  known,  and  the  number  of  revolutions  to  be  made  by 
the  great  wheel,  which  must  always  be  equal  to  the  number  of  turns 
cut  on  the  barrel.  If  we  assume  20  and  16  as  the  numbers  for  the 
pinions,  and  16  for  the  revolutions  of  the  great  wheel  and  barrel,  each 
turn  is  then  equal  to  48  hours ; we  can  from  these  get  such  a number, 
that,  when  decomposed  into  factors  or  divisors,  will  give  sets  to  pro- 
duce the  numbers  for  the  teeth  of  the  two  wheels.  The  rule  to  find 
the  number  to  be  decomposed,  is : Multiply  the  pinions  into  one 
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another,  and  the  product  by  the  number  of  hours  that  the  first  or  great 
wheel  takes  to  make  one  revolution ; this  last  product  will  be  the  num- 
ber which  is  to  be  decomposed. 

20x16x48=15360.  The  divisors  are  ten  2s,  one  3,  and  a 5. 
2x2=4x2=8x2=16x2=32x2=64x2=128 
2x2=  4x2=  8x3=24x5=120 


The  number  120  may  be  taken  for  the  teeth  of  the  great  wheel,  and 
128  for  those  in  the  second  wheel : as  a proof,  let  the  number  15360 
be  divided  by  any  one  of  the  numbers  128  or  120,  it  will  show  itself. 
15360^-128=120. 


Let  the  numbers  assumed  of  the  two  pinions  be  24  and  20,  the  re- 
volutions of  the  great  wheel  and  barrel  16,  each  being  equal  to  48 
hours,  the  time  which  the  clock  must  go  is  then  32  days : hence  to 
find  the  numbers  for  the  teeth  of  the  great  and  second  wheels  \ 


24x20x48=23040.  The  divisors  are  nine  2s,  two  3s,  and  a 5. 


2X2=4X2=8X2=16X3=48X3=144 ) 
2X2— 4X2=8X2=16  X2=32  X5=160  j 


The  number  for  the  teeth  of  the 


Great  wheel. 
Second  wheel. 


No  clock  ought  to  go  longer  than  a month,  or  32  days ; yet,  if  it 
is  required  to  make  one  go  for  six  months,  or  200  days,  the  centre 
wheel,  in  a movement  fit  for  this  purpose,  will  become  the  fourth 
wheel.  To  find  the  number  for  the  teeth  of  the  three  wheels,  assume 
20,  16,  and  12,  for  the  numbers  of  the  three  pinions,  the  barrel  hav- 
ing 16  turns,  to  find  the  time  for  one  revolution  of  it  and  the  great 
wheel : 200  days,  divided  by  16,  the  turns  on  the  barrel,  will  give 
twelve  days  and  a half  for  each  revolution  of  the  great  wheel ; twelve 
and  a half  days,  reduced  to  hours,  will  give  300  hours  for  each  revolu- 
tion of  the  first  or  great  wheel ; 300  hours  being  multiplied  by  the 
product  of  the  pinions  multiplied  into  one  another,  will  give  such  a 
number,  when  decomposed  into  factors  or  divisors,  that  sets  of  them 
may  be  obtained  to  represent  the  numbers  required  for  the  teeth  of 
the  three  wheels  ? 


20x16x12x300=1152000. 
three  5 \ 

2x2=4x2=8x2=16x5=  80) 
2x2=4x2=8x3=24x5=120  l 
2x2=4x2=8x3=24x5=120  J 


The  divisors  are  ten  2*,  two  3",  and 


The  number  for  the  teeth  of  the 


{ 


Great  wheel. 
Second  wheel 
Third  wheel. 
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As  a proof  of  the  operation,  divide  1152000  by  80,  and  the  quotient 
by  120,  the  next  quotient  will  be  120. 

As  in  the  last  example : a clock  with  three  wheels,  going  200  days, 
and  the  barrel  making  a revolution  in  300  hours.  Suppose  it  was 
resolved  to  have  this  performed  by  two  wheels  and  two  pinions,  one 
of  12,  and  the  other  of  10 : Required  the  numbers  for  the  teeth  of 
the  two  wheels  ? 


12x10x300=36000.  The  divisors  are  five  2',  two  3',  and  three  5*. 
2x2=4x3=12x3=36x5=180)  . ......  ...  /Great  wheel. 

0 . . ~ > The  number  for  the  teeth  of  the^  « , f , 

2x2=4x2=  8x5=40x5=200]  1 Second  wheel. 


What  are  called  month  clocks,  are  supposed  to  be  wound  up  on 
the  first  day  of  every  month,  for  which  reason  they  are  commonly 
made  to  go  32  days,  or  a very  little  longer.  It  may  be  said  that  it 
is  not  easy  to  remember  or  attend  to  the  first  day  of  every  month,  by 
this  day  having  (or  falling  on)  no  regular  or  fixed  day  of  the  week, 
and  that  it  would  be  better  if  the  clock  was  made  to  go  so  as  the 
winding  up  could  be  done  on  the  first  Saturday,  Sunday,  or  Monday 
of  the  month,  which  at  first  sight  seems  to  have  some  sort  of  order  in 
it ; but  the  intervals  in  this  way  are  of  very  different  lengths ; four 
of  these  would  consist  of  35  days  each,  and  eight  of  them  of  28  days 
each ; therefore,  in  order  that  the  clock  may  suit  this  time  of  winding 
up,  it  would  require  to  be  made  to  go,  at  the  shortest,  36  days ; this 
however  would  be  lessening  the  force  in  the  inverse  ratio  of  36  to  32. 
An  astronomical  clock,  or  regulator,  to  go  32  days,  will  be  after- 
wards described.  In  making  one  to  go  36  days,  we  must  have 
a great  wheel  of  a higher  number,  and  the  barrel  a little  less  in 
diameter.  To  make  a clock  go  3 6 days,  many  ways  may  be  adopted  : 
the  following  is  perhaps  as  good  a plan  as  any  : Suppose  the  case 
for  this  clock  to  be  in  length,  from  the  inside  of  the  bottom  to  the 
centre  of  the  dial,  5 feet  4.7  inches,  the  pulley,  if  the  seat-board 
is  of  cast  iron,  will  come  within  4.5  inches  of  the  centre  of  the  dial, 
(one  of  the  sides  of  its  square  being  12  inches,)  and  allowing  8 inches 
for  the  length  of  weight  and  pulley,  will  make  12.5  inches  to  be 
taken  from  5 feet  4.7  inches,  leaving  4 feet  4.2  inches;  and  as  the 
clock  goes  with  a pulley,  the  double  of  this  is  8 feet  8.4  inches,  or 
104.4  inches.  If  we  divide  104.4  by  17.5  the  number  of  turns  pro- 
posed to  be  cut  on  the  barrel,  it  will  give  5.96  inches  for  each 
turn,  which  is  so  near  to  6 inches,  that  we  may  take  it  for  the  cir- 
cumference of  the  barrel,  the  diameter  by  the  common  proportion  ; 
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355  to  113  will  then  be  found  to  be  as  near  as  possible  1.91  inch. 
In  rigid  calculation,  the  diameter  1.91  must  be  lessened  by  the  di- 
ameter of  the  gut,  supposed  here  to  be  .050  of  an  inch ; this,  taken 
from  1.91,  leaves  1.860  ; but  as  the  groove  or  screw  which  is  cut  on 
the  barrel  for  the  gut  to  lap  round  on  it,  diminishes  the  diameter, 
whatever  this  is  must  be  added  to  1.860 ; take  one  third  of  the  diame- 
ter of  the  gut  for  this,  which  is  .016,  and  this,  added  to  1.860,  makes 
1.876.  The  difference  between  1.91  and  1.876,  is  so  little  as  to  be  of 
no  consideration ; it  is  now  however  on  the  safer  side. 

The  length  of  the  barrel  between  the  ends  may  be  determined  thus  : 
The  diameter  of  the  gut  being  taken  at  .050,  multiplied  by  17.5,  the 
number  of  turns  proposed  to  be  cut  on  the  barrel,  will  give  .875  of  an 
inch ; this  allows  no  freedom  for  the  gut  to  lay  on  the  barrel ; there- 
fore, to  have  some  degree  of  freedom,  let  the  diameter  or  room  which 
the  gut  ought  to  have,  be  taken  at  .070 ; this  being  multiplied  by 
17.5,  the  product  will  be  1.225  inch  for  the  length  of  the  barrel  be- 
tween the  ends,  which  is  so  near  1.25  inch,  that  it  may  be  taken  for 
the  length.  If  the  great  wheel  is  to  have  150  teeth,  and  that  they 
should  have  the  same  strength  as  those  in  the  wheel  144  teeth  in  the 
first  plan,  the  diameter  must  be  3667,  say  3 inches  6 tenths,  and  .67 
of  one  tenth  of  an  inch ; the  great  wheel  here,  in  place  of  going  round 
in  48  hours,  as  by  the  wheel  of  144,  will  require  50  hours ; and  50, 
multiplied  by  17.5,  the  number  of  turns  on  the  barrel,  will  give  875 
hours,  or  36  days  11  hours,  for  the  weight  to  fall  before  it  can  be 
wholly  run  down  in  the  case.  17.3  turns  is  equal  to  36  days;  the 
pinions  being  24  and  20,  and  the  time  of  one  revolution  of  the  barrel 
being  50  hours,  from  these  may  be  deduced  numbers  for  the  wheel 
teeth. 

24x20x50=24000.  The  divisors  are  six  2*,  one  3,  and  three  5s. 
2X2=4X2=8X2=16X2=32X5=160  \ The  number  for  tlie  teeth  of  the  { Second  wheel. 

Spring  clocks  have  seldom  been  made  to  go  longer  than  eight  days, 
yet,  by  judicious  arrangement  of  the  wheels,  they  could  be  made  to  go 
a month,  or  longer,  if  such  a thing  was  wanted.  The  great  wheels 
are  commonly  made  smaller  in  diameter  than  what  they  ought  to  be, 
(consequently  the  teeth  are  too  fine,)  having  96  teeth  acting  into  a 
pinion  of  8 ; enlarging  the  diameter  would  no  doubt  require  larger 
frame  plates,  which  might  easily  be  adopted.  The  disadvantages  at- 
tending first  or  great  wheels  of  a small  diameter,  are,  the  force  of  the 
main  spring  acting  strongly  or  forcibly  in  pitching,  where  the  teeth 
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have  no  great  depth  of  hold  on  the  pinion ; and  in  cases  of  the  fusee 
chain,  gut,  or  spring  breaking,  the  sudden  jerk  backwards  of  the  great 
wheel  is  frequently  apt  to  break  not  only  the  second  wheel  pinion, 
but  also  to  strip  the  great  wheel  of  some  of  its  teeth.  The  force  of 
the  spring  in  a spring-clock  barrel,  is  greater  than  that  of  the  weight 
usually  hung  on  at  common  eight-day  clocks,  whose  great  wheel  teeth 
are  stronger  than  those  of  the  great  wheels  in  spring  clocks,  which  are, 
however,  commonly  made  a little  thicker  than  the  others,  for  the 
purpose  of  giving  strength  to  the  teeth ; yet  this  is  not  altogether 
adequate  to  the  end  required.  The  length  of  chain,  or  gut,  which, 
measured  or  lapped  round  a fusee  of  1 6 turns,  when  applied  round  the 
barrel,  measures  six  turns  and  three  quarters  on  it,  shows  that  the 
spring  ought  to  make  about  nine  turns  and  a quarter  in  the  barrel, 
which  will  allow  to  set  up  (or  bend  up  the  spring  as  it  is  called,)  one 
turn,  or  one  turn  and  a half,  leaving,  what  is  little  enough,  one  turn 
unbent,  in  order  not  to  strain  the  spring,  which  might  cause  risk  of 
breaking;  it. 

In  flat  watches,  the  movement  cannot  admit  the  height  of  the  fusee 
to  have  seven  turns  and  a half  on  it,  as  in  the  common  sort,  because 
this  would  require  the  fusee  chain  to  be  so  thin,  that  it  would  not 
have  strength  to  resist  the  force  of  the  main  spring,  and,  therefore, 
liable  to  be  broken,  a circumstance  which  from  this  cause  very  fre- 
quently takes  place ; therefore,  to  prevent  such  accidents,  a less  num- 
ber of  turns,  such  as  five  or  six,  should  be  cut  on  the  fusee,  so  as  to 
allow  as  strong  a chain  as  may  be.  The  second  wheel  pinion,  in  place 
of  being  one  of  12,  might  be  of  a less  number,  and  that  of  the  great 
wheel  increased,  in  order  that  the  watch  may  go  30  hours  before 
being  run  down ; or,  if  the  pinion  is  required  to  be  one  of  12,  this 
will  require  the  number  of  the  great  wheel  teeth  to  be  still  more  in- 
creased. 

Suppose  the  second  or  centre  wheel  pinion  to  be  12,  and  the  fusee 
to  have  six  turns  and  a half  cut  on  it : Required  the  number  of  teeth 
for  the  great  wheel,  so  as  the  watch  will  go  30  hours  ? Take  the  pro- 
portion of  the  common  watch,  where  the  fusee  has  seven  turns  and  a 
half,  the  great  wheel  48  teeth,  and  the  pinion  12,  which  is  the  same 
as  in  the  example  taken,  and  say,  as  6.5  : 7.5  : : 48  to  the  number  of 
teeth  required,  it  is  evident  that  a greater  number  than  48  is  required, 
so  that  48  must  be  multiplied  by  7.5,  and  divided  by  6.5,  the  quo- 
tient will  be  found  to  be  nearly  55.4,  as  a number  for  the  teeth  of 
the  great  wheel ; but  this  being  a fractional  number,  and  impractica- 
ble in  wheel  teeth,  the  great  wheel  may  be  made  56  ; this,  divided  by 
the  pinion  12,  will  give  for  quotient  4.66  hours  for  one  revolution  of 
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the  great  wheel ; when  this  is  multiplied  by  6.5  turns  made  by  the 
great  wheel  and  fusee,  it  will  give  30.29  hours  for  the  time  that  the 
watch  will  go. 

The  number  for  the  great  wheel  teeth  may  be  found  by  another 
way.  Whatever  is  the  number  of  turns  proposed  for  the  fusee  to 
have,  by  it  divide  30,  the  number  of  hours  which  it  is  intended  the 
watch  shall  run,  the  quotient  will  be  such  a number,  that  when  the 
number  of  the  second  wheel  pinion  is  multiplied  by  it,  the  product 
will  be  the  number  for  the  teeth  of  the  great  wheel.  For  example, 
let  the  number  of  turns  on  the  fusee  be  6,  and  the  number  of  the 
second  wheel  pinion  14  : to  find  the  number  of  teeth  that  the  great 
wheel  must  have,  so  as  the  watch  shall  go  thirty  hours  ? 

30-^6=5x14=70,  the  number  of  teeth  which  the  great  wheel  must 
have. 

If  it  is  proposed  for  the  second  wheel  pinion  to  be  10,  and  the  fusee 
to  have  6 turns : What  is  the  number  of  teeth  that  the  sreat  wheel 

O 

ought  to  have,  so  as  the  watch  shall  go  30  hours  ? 

30-^6=5x10=50.  The  number  of  teeth  for  the  great  wheel. 

The  fusee  to  have  5 turns,  the  second  wheel  pinion  10 : Required 
the  number  for  the  great  wheel  teeth  \ 

30^-5=6x10=60.  The  number  for  the  teeth  of  the  great  wheel. 

When  flat  watches  have  been  required,  the  movement  is  sometimes 
made  without  a fusee,  and  in  its  place  is  introduced  a large  toothed 
barrel,  in  order  to  admit  of  a thick  and  sufficiently  strong  spring,  the 
barrel  having  a great  number  of  teeth,  and  the  centre  wheel  pinion  a 
small  number  ; so  as  that  the  spring,  the  barrel  teeth,  and  the  second 
or  centre  wheel  pinion,  may  contribute  as  much  as  possible  to  give 
the  watch  an  equable  power  during  the  time  of  running  out  the  30 
hours  or  a little  more.  There  is  an  economy  (if  the  expression  may 
be  used,)  made  with  the  main  spring,  by  means  of  a fusee,  which 
makes  every  part  of  the  spring  more  effective,  than  where  a fusee  is 
wanting. 

A few  more  examples  may  be  given,  to  find  the  numbers  for  the 
great  wheel  teeth. 

It  is  proposed  that  the  fusee  is  to  have  7 turns,  the  second  wheel 
pinion  16,  and  that  the  watch  shall  go  30  hours  : Required  the  num- 
ber of  the  teeth  for  the  great  wheel  ? 

The  hours  30,  being  divided  by  7,  the  proposed  number  of  turns 
for  the  fusee,  the  quotient  is  4.3  nearly  ; 16,  the  number  of  the  se- 
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cond  wheel  pinion,  being  multiplied  by  it,  gives  68.8  as  the  number 
for  the  great  wheel  teeth ; but  being  a fractional  number,  it  cannot 
be  used  as  a number  for  wheel  teeth.  The  wheel,  however,  may  be 
cut  68,  69,  or  70,  as  either  of  them  will  be  near  enough.  30-4-7= 
4.3x16=68.8  which  may  be  called  69,  for  the  number  of  the  great 
wheel  teeth. 

The  fusee  to  have  6^  turns,  the  second  wheel  pinion  to  be  14,  and 
the  watch  to  go  30  hours  : Required  the  number  for  the  great  wheel 
teeth  ? 

30  hours,  divided  by  6.5  the  turns,  the  quotient  is  4.616  nearly, 
which,  being  multiplied  by  14,  the  pinion,  gives  64.624  for  the  wheel 
teeth  ; 65,  or  66,  may  then  be  taken,  as  64.624  is  a fractional  number. 
30-4-6.5=4.616x14=64.624. 

In  a box  chronometer,  where  depth  of  room,  and  great  height  of 
fusee  can  be  easily  got,  let  the  fusee  have  10  turns,  a second  wheel 
pinion  of  20,  and  the  time  required  it  should  go  before  being  run 
down,  40  hours : Required  the  number  of  teeth  for  the  great  wheel  ? 

40-4-10=4x20=80.  The  number  of  teeth. 

In  a box  chronometer,  the  fusee  to  have  8 turns,  the  second  wheel 
pinion  18  leaves,  and  the  time  it  must  go,  40  hours : Required  the 
number  of  teeth  for  the  great  wheel  ? 

40-4-8=5x18=90.  The  number  required. 

Box  chronometers  are  sometimes  required  to  go  eight  days,  a length 
of  time  by  no  means  in  their  favour  ; and  some  address  is  required  to 
plan  out  a movement  of  this  sort,  so  as  it  shall  be  well  suited  for  the 
purpose.  As  in  an  eight  day  spring-clock,  the  fusee  may  have  16 
turns,  the  great  wheel  96  teeth,  and  the  second  wheel  pinion  8 
leaves,  which  will  make  it  run  eight  days ; but  it  would  be  better  to 
have  two  wheels  in  place  of  one,  and  two  pinions,  each  of  a greater 
number  than  that  of  8.  The  hours  in  eight  days  are  192,  which,  di- 
vided by  12,  the  proposed  number  of  turns  for  the  fusee  and  great 
wheel  to  make,  will  give  16  hours  for  each  revolution ; the  pinions 
being  assumed  at  24  and  20 : Required  the  Numbers  for  the  teeth  of 
the  great  and  intermediate  wheels? — Observe,  that  the  intermediate 
wheel  is  the  second,  the  centre  or  second  wheel  in  common  now  be- 
comes the  third. 

The  product  of  the  pinions  multiplied  into  one  another,  being 
multiplied  by  16,  the  hours  for  one  revolution,  will  give  such  a num- 
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ber,  that,  when  decomposed,  the  divisors  can  be  formed  into  sets  for 
the  numbers  of  the  teeth  required  in  the  two  wheels. 

24x20x16=7680.  The  divisors  are  nine  2f,  one  3,  and  a 5, 

2X2=4X2=8X2=16X2=32X3=96  } T*ie  numt>er  for  the  teeth  of  the  Intermediate 

The  preceding  Rules,  and  examples  given  of  them,  it  is  presumed, 
may  be  of  some  use  to  either  the  clock  or  watch  movement  maker. 
When  movements  come  into  the  hands  of  the  finisher , the  wheels 
and  pinions  are  made ; therefore,  a few  examples,  although  very 
simple,  shall  be  given,  in  order  to  know  what  are  the  numbers  re- 
quired to  be  cut  on  a watch  or  clock,  fusee,  or  barrel.  In  a watch 
movement,  the  great  wheel  having  60  teeth,  and  the  second  wheel 
pinion  10  : Required  the  number  of  turns  to  be  cut  on  the  fusee,  so 
as  the  watch  may  run  30  hours  ? The  great  wheel  60,  divided  by 
the  pinion  10,  the  quotient  is  6 ; and  30,  divided  by  6,  gives  5 for 
the  number  of  turns  required.  For  60-^10=6,  and  30-r-6=5. 

The  number  of  turns  which  a spring  should  make  in  the  barrel, 
depends  on  the  number  of  turns  made  on  the  outside  of  the  barrel, 
measured  by  the  length  of  chain  which  fills  the  groove  on  the 
fusee. 

Suppose  a chain  which  fills  the  fusee  measures  four  turns  on  the 
barrel,  then  the  spring  ought  not  to  make  less  than  six  turns  in  the 
barrel.  If  the  chain  which  fills  the  fusee  measures  three  and  a half 
turns  on  the  barrel,  the  spring  should  make  about  five  turns  in  the 
barrel.  Having  met  with  some  who  were  bred  to  the  business,  as 
they  said , yet  did  not  know  even  this  plain  and  simple  rule,  which 
may  stand  as  an  apology  for  its  insertion  here. 

The  train  of  the  striking  and  quarter  parts  of  clocks  may  now  be 
taken  into  consideration,  as  well  as  that  of  the  runners , as  they  are 
called  by  the  movement  makers,  that  is,  the  wheels  in  the  repeating 
parts  of  watch  and  clock  repeaters. 

The  striking  part  in  an  ordinary  eight-day  clock,  has  84  teeth  in 
the  great  wheel,  56  in  the  pin  wheel,  48  in  the  tumbler  wheel,  and 
42  in  the  fly  wheel ; the  pinions  are  one  of  8 for  the  pin  wheel,  one 
of  7 for  the  tumbler  wheel,  and  two  of  6 each  for  the  fly  wheel  and 
fly.  The  fly  here  makes  56  revolutions  for  every  blow  of  the  ham- 
mer, and  eight  blows  for  every  revolution  of  the  pin  wheel,  which  has 
eight  lifting  pins  in  it,  while  the  tumbler  wheel  makes  one  for  every 
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blow.  The  tumbler  and  fly  wheels  being  multiplied  together,  and 
the  product  divided  by  the  product  of  the  fly  and  fly  wheel  pinions 


multiplied  into  one  another,  the  quotient  will  be  56,  for- 


48x42 

6x6 


—56, 


the  number  of  turns  which  the  fly  makes  for  every  blow  of  the  hammer. 

In  common,  the  great  wheels  have  been  made  with  84  teeth,  in 
case  of  the  clock  when  made  to  repeat  or  strike  the  hour  which  it  last 
struck ; and  this  was  done  to  prevent  the  striking  part  from  running 
sooner  down  than  the  going  part.  But  when  the  clock  is  allowed  to 
strike  only  of  itself,  a wheel  of  84  is  not  necessary,  providing  the  bar- 
rels in  both  the  going  and  striking  parts  are  made  of  equal  diameters. 
The  number  of  blows  given  in  12  hours  is  78,  for  if  the  first  blow  1, 
at  the  one  o’clock  hour,  is  added  to  12,  the  number  of  blows  given  at 
the  twelve  o’clock  hour,  the  sum  will  be  18,  and  this  multiplied  by 
12,  the  number  of  times  the  hours  are  struck,  the  half  of  this  sum 
will  be  the  number  of  blows  struck  by  the  hammer  in  twelve  hours. 
For  12-fl  =13x12=156-^2=78.  or  6i  taken  as  a mean  term  to  1 and 
13  ; then  12  multiplied  by  6J  will  give  78. 

The  great  wheel  then  may  have  78  teeth,  the  pin  wheel  pinion 
which  it  drives  being  8,  the  wheel  having  8 pins  for  raising  the  ham- 
mer tail,  it  will  be  seen,  that  the  pin  wheel  must  raise  the  hammer 
tail  78  times  for  one  revolution  of  the  great  wheel.  The  great  wheel 
78  being  divided  by  the  pin  wheel  pinion  8,  the  quotient  will  be  9f, 
the  number  of  turns  and  parts  of  a turn,  which  the  pin  wheel  makes 
for  one  revolution  of  the  great  wheel,  which  multiplied  by  8,  the 
number  of  pins  in  the  pin  wheel,  the  sum  will  be  78 : For  ^=9.75, 
and  9.75x8=78.  The  advantage,  though  not  very  great,  is  on  the 
side  of  the  wheel  of  78,  in  the  inverse  ratio  of  84  to  78. 


The  wings  or  vanes  of  the  fly,  by  resisting  the  air  in  its  revolutions, 
tend  to  regulate  the  motion  of  striking  wheels  when  lifting  the  ham- 
mer, otherwise  there  would  be  an  acceleration  when  striking  the  long 
hour,  (twelve,)  as  it  is  called,  which  would  easily  be  perceived  by  the 
ear.  The  wings  of  the  fly  are  commonly  made  too  thin  ; were  they 
to  be  made  thicker,  it  would  give  the  fly  a degree  of  momentum  to 
carry  forward  the  wheels  a little,  in  case  of  any  temporary  resistance 
from  thick  oil  or  such  like  ; and  in  order  that  the  fly  should  act  both 
in  resisting  the  air,  and,  at  the  same  time,  to  have  a tendency  to  carry 
the  wheels  forward ; the  fly  pinion  in  its  size  should  be  made  a mean, 
to  that  of  driving  and  being  driven.  When  nicety  is  aimed  at,  the 
train  of  the  wheel  should  be  reduced,  and  the  wings  of  the  fly  a good 
deal  extended,  making  its  revolutions  outside  of  the  frame,  placed  com- 
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monly  behind  the  pillar  plate,  as  is  sometimes  done  with  the  fly,  to 
music  or  quarter  parts,  limiting  the  number  of  revolutions  to  ten,  or 
a dozen,  or  a very  little  more,  (in  place  of  56)  for  every  blow  of  the 
hammer.  In  turret  clocks,  we  have  reduced  the  revolutions  of  the 
fly  to  three  or  four  for  every  blow  of  the  hammer. 

Striking  parts  can  be  regulated  by  means  of  an  escapement  and  a 
pendulum,  the  teeth  of  the  wheel  which  lifts  the  hammer  tail  serving 
for  scaping  with  the  pallets,  no  train  of  wheels  and  pinions  being  be- 
yond that  of  the  lifting  wheel.  A lifter,  having  at  one  of  its  ends  a 
spring- jointed  piece  (or  nags-head  joint,)  which  locks  the  pendulum 
by  the  end  of  the  rod,  when  the  lifter  is  discharged  at  the  hour,  and 
falling  down,  it  gives  liberty  for  the  pendulum  to  vibrate  while  the 
clock  is  striking ; at  the  last  blow  of  the  hammer,  the  lifter  being 
raised  up  when  the  pendulum  is  very  near  the  extremity  of  its  vibra- 
tion, it  passes  the  nags-head  joint,  but  in  returning  it  is  locked  and 
cannot  pass,  until  the  hour  is  again  at  the  discharging  of  the  lifter. 

The  mechanism  required  here  may  be  greater  perhaps  than  any 
advantage  that  can  be  gained  by  it.  Reducing  the  train  of  the  wheels 
as  much  as  may  be,  and  giving  extension  and  momentum  to  the  fly, 
appear  to  be  the  best  means  to  regulate  the  striking  parts,  and  lessen 
the  influence  of  oil  on  the  pivots ; where  the  train  is  great,  and  cold 
weather  thickening  the  oil,  clocks  and  repeating  watches  are  very  apt 
to  strike  so  slow,  that  it  becomes  tiresome  to  attend  to  the  number  of 
blows  which  are  to  be  made.  Adopting  in  common  eight-day  clocks 
a principle  very  proper  for  a hammer-head  in  steeple  clocks,  but  very 
improper  in  the  former,  (as  has  been  found  by  experience,)  that  is,  by 
giving  a massy  head  to  the  hammer,  the  consequence  of  this  is,  that 
in  cold  weather,  common  clocks  are  found  to  strike  very  slow ; on  re- 
ducing the  weight  of  the  hammer-head  one  half,  the  effect  of  this 
on  the  striking,  particularly  in  cold  weather,  is  greatly  to  its  ad- 
vantage. 

Since  the  old  locking  plate  and  count  wheel  method  was  given  up, 
the  locking  of  the  striking  of  a common  eight-day  clock  has  generally 
been  done  by  means  of  a tumbler  tail,  pressing  on  a pin  fixed  be- 
hind the  rack  on  one  end  of  its  arch,  the  tumbler  being  put  on  by 
means  of  a square,  on  a thick  pivot  of  the  tumbler  wheel  pinion 
squared  for  this  purpose,  and  when  not  well  fitted,  the  tumbler  was 
apt  to  get  loose  and  sometimes  drop  from  its  place.  There  was  even 
some  nicety  required  to  make  the  pressure  of  the  tumbler  on  the  pin 
in  the  rack,  so  that  the  force  of  the  striking  weight  on  the  tumbler 
wheel,  should  not  make  the  tumbler  bear  too  hard  on  the  rack  pin, 
and  consequently  make  the  rack  tooth  bear  equally  so  on  the  nose  of 


44 


WATCH  REPEATING  TRAINS. 


the  rack  catch.  When  the  tumbler  pressed  in  this  way,  it  made  the 
discharge  of  the  striking  require  more  force  than  was  proper.  On  tlie 
other  hand,  if  the  tumbler  rested  in  such  a manner  on  the  rack  pin 
as  not  to  press  it,  as  it  were  in  some  degree  from  it,  in  this  case  the 
rack  sometimes  did  not  fall,  and  then  no  striking  took  place,  or,  if  any 
did,  it  was  only  by  giving  a single  blow. 

To  prevent  such  occurrences  in  future,  we  made  the  pivot  of  the 
tumbler  wheel  smaller,  and  fitted  the  tumbler  on  by  a round  in  place 
of  a square,  having  no  tail  to  it,  the  locking  now  being  by  a pin  in 
the  fly  wheel,  pressing  very  gently  on  a piece  fixed  to  the  inside  of 
the  arm  of  the  rack  catch  ; a like  piece  was  fixed  to  one  end  of  an  arm 
of  the  discharging  lifter,  a little  behind  the  other,  so  as  to  give  some 
room  for  warning  when  at  this  ; on  the  lifting  arm  dropping  off  from 
the  pin  in  the  minute  wheel,  the  pin  in  the  fly  wheel  at  this  instant 
got  free  or  discharged,  and  the  striking  went  on  till  the  locking  of  the 
fly  wheel  again  took  place.  The  first  opening,  or  space  for  teeth  in 
the  rack,  was  made  somewhat  deeper  than  the  rest,  so  as  the  rack  catch 
when  falling  into  it  at  the  close  of  the  striking,  might  get  down 
enough  with  its  piece  to  catch  the  pin  in  the  fly  wheel  and  lock  it ; 
the  other  spaces  between  the  rack  teeth  being  less  in  depth,  kept  the 
rack  catch  and  its  locking  piece  so  much  up  during  the  striking,  as 
prevented  the  pin  in  the  fly  wheel  from  interfering  with  it.  This 
mode  of  locking  a striking  part  will,  on  the  whole,  be  found  safe,  sure, 
and  easy.  Reducing  the  train  of  striking  parts,  we  have  long  insisted 
on  and  practised,  having  brought  the  train  of  repeaters  down  from 
above  6000  (at  which  many  were  made)  to  2000,  and  even  to  1200, 
or  1000  with  success.  What  a labour  the  fly  pinion  had  to  perform  in 
those  high  trains  ? making  above  300  revolutions  for  every  blow  of  the 
hammer,  which  might  have  been  effected  with  one  third  of  the  num- 
ber. J ulien  le  Roy  had  good  reason  for  reducing  the  train  so  low  in 
number,  as  to  find  it  was  necessary  at  last  to  bridle  it  by  means  of  a 
scapement ; this  was  certainly  an  ingenious  contrivance,  and  from 
which  there  is  no  doubt  that  M.  Berthoud  took  the  idea  of  bridling 
the  striking  part  of  a clock  also  by  means  of  such  an  escapement  and 
pendulum  as  has  just  now  been  described. 

The  train  of  the  runnings,  (that  is  the  wheels  and  pinions  which 
serve  for  the  repeating  part  of  a repeating  watch)  when  carried  to  a 
high  number,  must  necessarily  require  a considerable  portion  of  the 
force  of  the  repeating  main  spring  to  turn  the  wheels  and  pinions, 
independent  of  that  required  to  lift  the  hour  aud  quarter  hammers  : 
hence  the  feeble  blows  given  by  many  of  our  repeating  watches.  Com- 
pare the  6050  revolutions  made  by  the  fly  pinion  for  one  turn  of  the 
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iirst  wheel,  with  that  of  another,  where  the  last  wheel,  which  is  a 
scapement  one,  makes  only  147-§-f|-  revolutions.  The  runnings  of 

the  one  were  4^x36x33x3  — 6050,  the  number  of  turns  made 
0x6x6x6x6 


by  the  fly  pinion.  The  runnings  of  the  other  were  ~ 


44x36x32  __ 
7x7x7 


147-ffJ-j  the  number  of  revolutions  made  by  the  scapement  wheel, 
which  had  15  teeth,  the  double  of  which  is  30,  and  80xl47|-£-J= 
5433^f-^,  the  number  of  beats  made  by  the  pallets. 


Our  repeating  movement  makers  have  of  late  got  into  the  way  of 
making  the  ratchet  teeth  of  the  arbor  of  the  first  wheel  of  the  run- 
nings, in  the  reverse  order  to  what  they  ought  to  be,  and  this  seems 
to  have  caused  the  repeating  motion  maker  to  introduce  an  interme- 
diate pinion  or  wheel  between  the  rack  and  the  pinion,  which  is  on  a 
square  on  the  arbor  of  the  first  wheel  in  the  Stogden  motions,  which 
takes  away  from  the  good  effect  which  the  rack  would  otherwise  have, 
did  it  operate  solely  with  the  pinion  on  the  ratchet  arbor. 

In  repeating  movements,  where  the  repeating  barrel  is  made  with 
a ratchet  edge  on  the  lower  end  (as  it  may  be  called,)  the  barrel  let 
through  the  potence  plate  from  outside,  the  ratchet  edge  being  sunk 
in  it,  having  a click  and  spring  fixed  on  the  potence  plate  so  as  to 
act  with  the  ratchet  edge,  a bar  across  the  barrel,  and  its  ratchet  edge 
is  screwed  on  the  potence  plate  and  keeps  the  barrel  in  its  place,  just 
allowing  it  to  have  freedom  to  be  set  about  by  means  of  the  ratchet 
edge.  This  is  a contrivance  which  is  neat,  ingenious,  and  convenient, 
as  by  it  the  repeating  spring  can  be  set  up  any  part  of  a turn  that 
should  be  requisite  without  interfering  with  the  motion  work.  Where 
a pinion,  or  a pulley,  is  put  on  the  ratchet  arbor  with  a square,  they 
require  to  be  taken  from  off  the  square,  and  besides  interfering  with 
the  motion  work  this  way,  a turn  is  the  least  quantity  that  the  re- 
peating spring  can  be  set  up. 


The  following  are  trains  for  a three  part  spring  clock,  or  quarter 
clock,  as  it  is  called.  For  the  great  wheel  of  the  going  part,  120 
teeth,  second  wheel  100,  and  the  pinion  10,  third  wheel  100,  and  the 
pinion  10,  the  swing  wheel  30  teeth,  and  a pinion  of  10.  The  vi- 
brations will  be  found  to  be  100  in  a minute,  and  the  pendulum  (by  a 
rule  to  be  given  afterwards  for  finding  the  lengths  of  pendulums,)  will 
require  to  be  14.112  inches  in  length.  The  great  wheel  of  the  strik- 
ing part  100  teeth,  the  pin  wheel  64  teeth,  8 pins,  and  a pinion  of  10, 
the  tumbler  wheel  56,  and  a pinion  of  8,  the  fly  wheel  46,  and  a 
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pinion  of  8,  the  fly  pinion  12.  The  revolutions  then  made  by  the  fly 
for  every  turn  or  revolution  of  the  tumbler  wheel  will  be  26.883. 
For  56x46-r-8xl  2=26.833,  the  number  of  turns  made  by  the  fly 
and  its  pinion.  The  great  wheel  of  the  quarter  part  has  120  teeth, 
the  second  wheel  80,  and  a pinion  of  10,  the  tumbler  wheel  56,  and 
a pinion  of  8,  the  fly  wheel  46,  and  a pinion  of  8,  and  the  fly  pinion 
12.  The  fly  and  fly  pinion  in  this  part  make  also  26.833  revolutions 
for  every  turn  made  by  the  tumbler  wheel,  which  is  one  for  every 
quarter,  each  quarter  being  8 blows  of  as  many  hammers,  each  on  its 
own  bell.  The  second  wheel  of  80  turns,  a wheel  of  40,  which  is  on 
one  of  the  ends  of  the  quarter  barrel,  having  five  rows  of  pins  put  on 
it  for  the  same  number  of  quarters,  making  two  revolutions  in  the 
hour,  it  gives  ten  quarters  in  that  time,  as  1+2+3+4=10.  The 
length  over  all  in  the  flys  used  in  the  striking  and  quarter  parts  may 
be  about  three  inches  and  a half.  If  the  tumbler  wheels  were  made 
56,  the  fly  wheel  42,  their  pinions  8,  and  the  fly  pinion  14,  the  re- 
volutions of  the  fly  would  then  be  21  for  every  blow  of  the  hammer. 
For  56x42-5-8x14=21.  A fly  to  bridle  this  would  require  to  be  in 
length,  over  all,  four  inches  and  a half,  or  a little  more.  The  numbers 
for  the  teeth  of  the  tumbler  and  fly  wheels  may  be  deduced  from  as- 
suming the  number  of  the  revolutions  the  fly  is  required  to  make,  and 
knowing  the  numbers  for  fly  and  fly  wheel  pinions.  Suppose  the 
pinions  are  8 and  14,  the  number  of  revolutions  the  fly  is  required  to 
make  is  20,  then  to  find  the  numbers  for  the  tumbler  and  fly  wheel 
teeth.  The  pinions  multiplied  into  one  another,  and  the  product  by 
the  number  of  revolutions  of  the  fly  pinion,  will  give  such  a number, 
that  when  made  into  divisors,  will  give  sets  for  the  two  wheels. 

8x14x20=2240.  The  divisors  are  six  2s , one  5,  and  a 7. 

2x2=4x2=8x5=40  ) (Flywheel. 

2x2=4x2=8x7=56  j number  for  the  teeth  °f  the  i Tumbler  wheel. 

The  great  wheels  of  the  going  and  quarter  parts  make  one  revolution 
in  12  hours,  the  fusee  must  then  have  16  turns.  In  the  quarter 
part,  the  tumbler  wheel  making  one  revolution  every  quarter,  80 
the  number  of  the  second  wheel,  being  divided  by  8,  the  tumbler 
wheel  pinion  will  give  10  for  the  number  of  quarters  struck  in  an 
hour.  The  second  wheel  80,  makes  12  revolutions  for  one  of  the 
great  wheel,  as  10,  the  second  wheel  pinion,  will  divide  the  great 
wheel  of  120  into  12,  therefore  the  great  wheel  of  the  quarter  part 
will  make  a revolution  every  12  hours.  By  the  striking  part,  there 
are  80  blows  given  by  the  hammer  for  one  revolution  of  the  great 
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wheel,  so  that  the  number  of  turns  given  to  the  fusee  may  rather  be 
less  than  16.  For  if  78  blows  require  16  turns  on  the  fusee,  so  as  to 
keep  up  the  striking  for  eight  days,  then  80  blows  for  one  turn  of  the 
fusee  will  require  only  15.6  turns  to  keep  up  the  striking  for  the  same 
time.  In  an  inverse  ratio,  say  as  78  is  to  16,  so  is  80  to  15.6,  that 
is  78x1 6-^80=15.6.  If  the  number  of  teeth  in  the  striking  ^reat 
wheel  had  been  98,  then  the  blows  given  in  one  revolution  would  have 
been  78.4.  For  100  : 80  : : 98  : 78.4,  and  the  number  of  turns  re- 
quired for  the  fusee  15.91,  or  15.92  nearly:  For  as  78  : 16  : : 78.4 : 
15.91  -f  taken  as  above  in  an  inverse  ratio. 

Music,  or  chime  parts  in  clocks,  have  their  trains  regulated  some- 
times much  in  the  same  way,  as  has  been  described  for  the  spring 
quarter  part,  and  some  times  they  have  the  fly  turning  with  the  upper 
end  of  an  upright  arbor  on  the  lower  end,  of  which  is  formed  an  end- 
less screw,  either  of  a single,  double,  triple,  or  quadruple  thread,  into 
which  the  last  wheel  in  the  train  works.  In  a single  threaded  endless 
screw,  one  tooth  of  the  wheel  must  pass  for  every  turn  or  revolution 
of  the  fly,  two  for  the  double,  three  for  the  triple,  and  four  teeth  of 
the  wheel  must  pass  for  every  turn  of  the  fly,  having  an  endless  screw 
of  four  threads  on  its  arbor.  The  number  of  threads  in  the  endless 
screw,  and  the  position  of  its  arbor,  for  it  may  be  placed  either  hori- 
zontally or  upright,  are  things  which  may  be  determined  according 
to  the  fancy  of  the  movement  maker,  or  to  the  plan  he  may  have 
designed  for  the  clock.  A fly  having  an  upright  arbor,  and  a quad- 
ruple threaded  endless  screw,  will  turn  easily  and  with  great  velocity : 
hence  it  will  require  to  have  the  wings  or  vanes  of  considerable 
extent  so  as  to  bridle  the  train.  The  wheel  on  the  end  of  the  music 
barrel,  which  is  turned  by  part  of  the  train  of  wheels  and  pinions, 
has  sometimes  no  connection  with  the  regulating  part  of  it,  which 
is  formed  by  the  fly  wheel  and  pinion,  and  the  fly  having  either 
a pinion  or  an  endless  screw  for  its  arbor.  But  this  wheel  is  made 
to  pitch  nicely  in  with  another  wheel  of  the  same  number  and  di- 
ameter, which  may  be  considered  rather  as  a kind  of  an  imper- 
fection, as  in  this  way  the  music  barrel  wheel  will  have  some  degree 
of  liberty  by  the  shake  of  the  teeth  (however  little)  in  the  two 
wheels.  The  barrel  cannot  turn  so  steadily  as  it  would  have  done 
when  placed  between  the  fly  wheel  and  fly,  but  to  have  this,  three 
wheels  of  the  same  number  and  diameter  are  required,  the  bar- 
rel wheel  is  driven  by  one,  and  it  drives  the  other  which  turns 
the  fly  wheel  pinion,  and  the  fly  wheel  turns  either  a fly  pinion 
or  an  endless  screw.  Sometimes  there  is  a wheel  more  in  the  train, 
the  pinion  of  which  is  driven. by  the  wheel  that  is  driven  by  the 
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barrel  wheel,  and  the  wheel  which  is  on  this  pinion  drives  the  fly 
wheel,  and  so  on.  The  first  or  great  wheel  of  a music  part  being 
96,  on  the  pinion  of  8,  which  it  turns,  is  a wheel  of  72,  pitching 
with  the  music  barrel  wheel  of  72,  each  being  of  the  same  diameter ; 
the  second  wheel  of  72  also  turns  the  fly  wheel  pinion  of  12,  on 
whose  arbor  is  the  fly  wheel  of  82  teeth  working  into  a single  threaded 
endless  screw,  on  the  arbor  of  which  the  fly  is  carried.  The  music 
barrel  is  made  to  turn  three  times  round,  at  the  end  of  every  three 
hours,  and  the  tune  which  is  on  it  is  played  three  times  over : dur- 
ing the  time  of  one  revolution  or  tune,  the  fly  makes  108  turns 
and  two  thirds  of  a turn.  For  72x32-7-1 2=10S|,  being  the  second 
wheel  of  72,  multiplied  by  32  the  fly  wheel,  and  the  product  divided 
by  the  fly  wheel  pinion  of  1 2,  gives  the  number  of  turns  which  the 
fly  must  make.  The  pinion  of  8 being  taken  to  divide  the  great 
wheel  of  96,  the  quotient  will  be  12,  the  number  of  tunes  played 
in  12  hours,  the  threes  in  12  are  four,  and  three  the  number  of  times 
the  tune  is  played  every  third  hour.  For  3x4=12,  a revolution  of 
the  second  wheel  is  made  in  the  same  time  as  one  of  the  music  barrel 
and  its  wheel.  In  this  example  the  music  barrel  is  out  of  the  power 
of  the  regulating  fly. 

The  example  of  a music  part  now  to  be  given,  shall  be  of  that  kind 
where  the  music  barrel  is  placed  as  it  were  within  the  control  of  the 
regulating  fly.  The  first  or  great  wheel  is  96,  the  second  wheel 
pinion  is  8,  and  the  wheel  84,  which  turns  the  music  barrel  and  its 
wheel  of  84 ; this,  again,  turns  another  wheel  of  84 ; these  three 
wheels  being  of  the  same  number,  must  consequently  be  of  the  same 
diameter.  The  last  of  the  three  turns  a pinion  of  8,  whose  wheel  is 
64,  which  turns  the  fly  wTheel  pinion  of  8 ; the  fly  wheel  of  48  turns 
the  fly  pinion  of  10,  it  must  then  make  403.2  revolutions  for  one  of 
the  music  barrel ; the  three  wheels  which  are  between  the  barrel 
wheel  and  fly  pinion  being  multiplied  into  one  another,  and  the  pro- 
duct divided  by  the  product  of  the  two  pinions  of  8,  and  the  fly  pinion 
multiplied  into  one  another,  will  give  403.2  for  the  quotient.  For 
84x64x48-^8x8x10=403.2,  the  number  of  revolutions  made  by  the 
fly  and  its  pinion  for  one  turn  of  the  music  barrel.  The  music  part, 
by  the  going  of  the  clock,  is  discharged  every  three  hours,  and  plays 
the  tune  three  times  over  as  in  the  first  example,  consequently  the 
tune  is  played  12  times  over,  for  every  revolution  of  the  great  wheel, 
The  length  of  the  vanes  of  the  fly  over  all,  must  be  about  3.65  inches, 
and  breadth  half  an  inch. 
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CHAPTER  IV. 

On  Finding  Numbers  for  the  Wheels  and  Pinions  of  Orreries , 
Planetariums,  §c.  Sfc. 

Having  given  a sufficient  number  of  examples  how  to  obtain  num- 
bers fit  for  the  wheel  teeth  of  any  watch,  time-keeper,  or  clock  of  any 
description,  it  may  not  now  be  out  of  the  sphere  of  practical  horo- 
logy to  select  a few  numbers,  such  as  are  properly  suited  for  the  mo- 
tions requisite  for  orreries  or  planetariums.  The  business  of  making 
planetariums  or  orreries,  is  so  closely  connected  with  that  of  the  clock- 
maker,  that  a sort  of  Table  shall  be  given  of  most  of  the  numbers  that 
can  be  adopted  for  such  machines.  The  greater  part  of  them  are 
those  of  Janvier,  taken  or  copied  from  Histoire  de  la  mesure  da 
temps,  tom.  ii.  chap.  vi.  Des  horologes  d Sphere  Momante,  pp.  238, 
239,  240,  and  241.  Par  Ferdinand  Berthoud.  Paris,  1802.  A des- 
cription of  the  Sphere  Momante  by  Janvier,  with  the  numbers  of  its 
wheel  teeth  and  pinions,  had  been  given  by  him  to  the  National  In- 
stitute ; and  Berthoud,  as  one  of  the  commissioners  appointed  to  ex- 
amine it,  got  the  opportunity  of  seeing  these  numbers,  which  he  soon 
afterwards  published,  and,  as  we  suspect,  without  Janvier’s  consent. 
We  are  led  to  suppose  this  from  Janvier  himself  declining  to  make 
them  public,  as  seems  evident  from  his  own  work  published,  and  en- 
titled, uI)es  Revolutions  des  corps  Celestes,  pan'  le  mechanism  des  Foliages” 
Paris,  1812;  which  see. 

The  first  planetary  machine  or  orrery  made  in  this  country,  was  by 
the  celebrated  George  Graham,  clock-maker,  (so  he  is  styled  in  a print 
engraved  by  Faber,  from  his  picture  by  Hudson,  in  the  possession  of 
the  noble  family  of  Macclesfield,)  who  was  well  skilled  in  the  various 
branches  of  speculative  and  practical  philosophy.  Orrery  was  a name 
given  afterwards  to  it,  but  not  by  Graham. 

What  follows,  is  intended  to  show,  how  to  find  the  numbers  for  the 
teeth  of  wheels  and  the  leaves  of  pinions,  that  shall  give  a revolution 
to  a wheel,  or  figure  representing  the  motion  of  a planet,  in  a clock, 
orrery,  or  in  any  planetary  machine ; which  must  be  performed  in  a 
determined  or  certain  period  of  time.  It  has  already  been  shown, 
iclien  in  the  train  of  a clock  or  watch,  the  number  of  the  pinions 
and  their  leaves,  and  the  number  of  teeth  in  the  swing,  or  balance 
wheel,  are  fixed  upon,  that  it  is  an  easy  matter  to  find  numbers  for 
the  teeth  of  the  other  wheels.  But  to  find  such  numbers  for  the 
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wheels  and  pinions  in  a planetary  machine,  as  shall  cause  a revolu- 
tion to  be  made  by  a wheel,  which  must  give  the  mean  synodical  re- 
volution of  a planet,  that  of  the  moon  for  instance,  in  a period  of  time 
consisting  of  29  days,  1 2 hours,  44  minutes,  2.8283  seconds,  will  be, 
at  least  to  some,  rather  an  intricate  and  difficult  operation  to  make 
out ; being  confined  to  have  this  revolution  performed  within,  or  ex- 
actly to  an  almost  infinitely  small  portion  of  space  or  time.  Formerly, 
calculations  to  find  numbers  for  the  teeth  of  wheels  and  pinions, 
suited  to  give  the  revolution  of  a planet  tolerably  near,  seems  to  have 
been  the  work  of  years,  and  that  not  very  long  ago,  a thing  which 
may  now  be  done  in  a few  minutes.  The  clock  which  was  made  by 
Dauthieu  for  Louis  XIV.  king  of  France,  about  the  year  1749,  moved 
a small  sphere,  or  rather  more  properly  in  our  language,  an  orrery, 
representing  the  solar  system,  according  to  Copernicus.  The  con- 
struction and  arrangement  of  it,  and  the  calculation  of  the  w heel  teeth, 
were  made  out  by  M.  Passemant,  in  which  it  is  said , that  he  had 
been  employed  for  such  a length  of  time  as  twenty  years.  The  mo- 
tions in  this  sphere,  or  planetary  machine,  were  allowed  to  be  very 
exact  by  the  report  of  M.  M.  Camus,  and  Deparcieux,  delegated  by 
the  Royal  Academy  of  Sciences  to  examine  them.  And  even  still 
nearer  to  our  own  day,  much  time  and  labour  seems  to  have  been 
spent,  not  less  than  eleven  years,  as  is  related,  if  not  in  the  calculation 
of  numbers  for  the  wheel  teeth,  and  leaves  of  the  pinions,  it  must  at 
least  have  been  in  the  construction  and  execution  of  one  of  the  finest 
planetariums,  by  M.  Antide  Janvier,  that  has  as  yet  been  any  where 
exhibited:  it  was  purchased  by  the  then  existing  government  of  France. 
This  planetarium  is  kept  constantly  going  by  an  excellent  chronome- 
ter, or  time-piece.  The  numbers  of  the  wheel  teeth  and  of  the  pinion 
leaves  in  it,  certainly  approximate  as  nearly  as  it  is  possible  to  give 
the  periodical  revolutions  of  the  planets,  and  other  circumstances  at- 
tending them,  to  the  greatest  nicety,  such  as  their  states  of  retrogra- 
dation,  progression,  and  when  stationary,  also  their  phases,  place  of  the 
nodes,  eclipses,  &c.  There  are  two  plates  of  this  planetarium,  and  a 
detailed  description  of  it,  besides  the  numbers  of  the  wheel  teeth  and 
pinion  leaves,  given  in  the  Histoire  de  la  Mesure , fyc. 

We  have  seen  no  account  of  that  magnificent  planetarium,  sent 
some  years  ago  by  our  government  to  China,  as  a present,  among 
many  other  fine  things,  to  the  good  old  Emperor  Kien  Lung,  along 
wfith  the  splendid  embassy  under  Lord  Macartney.  It  is  said  to  have 
been  made  at  Erfurt  in  Germany ; for  in  the  year  1791,  a pamphlet 
was  published  in  London,  giving  a description  of  this  planetarium  or 
astronomical  machine,  invented  and  partly  executed  by  Phil.  Mat. 
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Hahn,  member  of  the  Academy  of  Sciences  at  Erfurt,  and  completed 
by  Albert  Mylins. 

We  were  informed  by  the  late  Dr  Dinwiddle,  who  was  astronomer 
and  mathematician  in  that  embassy,  and  had  charge  of  this  plane- 
tarium, and  who  of  course  had  to  explain  the  various  motions  and  uses 
of  it,  to  those  who  were  appointed  to  receive  it  for  the  Emperor,  but 
as  they  seemed  to  set  little  or  no  value  on  it,  perhaps  they  did  not 
understand  it,  or  were  unable  to  appreciate  the  merits  of  a machine 
calculated  to  give  such  a correct  representation  of  the  motions  of  the 
heavenly  bodies  as  it  did.  At  this  the  Doctor  was  so  indignant  and 
provoked,  that  he  was  induced  to  bring  away  some  parts  of  the  ma- 
chinery, which  after  all  we  may  suppose  could  be  of  little  or  no  use 
to  any  one,  when  detached  from  the  principal  to  which  they  were 
adapted. 

M.  Camus,  in  his  Corn's  de  Mathematiques , Paris,  1767,  third 
edition,  has  given  a few  cases  for  finding  the  numbers  for  the  teeth 
of  wheels,  and  the  leaves  of  pinions,  two  in  particular,  by  way  of  prob- 
lems, that  shall  give  the  annual  revolution  of  the  earth,  or  the  ap- 
parent revolution  of  the  sun,  and  also  that  of  a synodical  revolution 
of  the  moon,  when  represented  in  a planetary  machine  ; the  solutions 
of  these  problems  are  done  in  a very  ingenious  manner  by  algebraic 
equations.  But  algebraic  equations  not  being  so  generally  known 
among  those  of  our  profession,  as  the  arithmetic  of  decimal  or  vulgar 
fractions  may  be,  we  shall  attempt  to  show,  by  means  of  these  fractions, 
how  the  numbers  of  wheel  teeth  and  pinion  leaves  may  be  obtained, 
so  as  to  produce  a revolution  in  a given  time  for  any  planetary  mo- 
tion. Since  the  time  of  Camus , modern  mathematicians  appear  to 
have  brought  this  subject,  if  not  to  a greater  degree  of  perfection,  they 
have  certainly  shown  how  it  may  be  done,  and  that  in  a very  simple 
manner,  so  as  it  may  be  more  easily  acquired,  by  those  who  are  not 
in  the  daily  practice  of  seeing,  what  it  is  in  the  power  of  figures  or 
numbers  to  do.  None  have  displayed  such  a knowledge  of  this  sub- 
ject as  has  been  done  by  the  Bev.  Dr  Pearson,  who  certainly  has 
taken  uncommon  pains,  in  which  he  has  completely  succeeded,  by 
having  the  motions  of  the  planets  to  be  more  correctly  represented  in 
an  orrery  or  planetarium  than  has  hitherto  been  done.  The  numbers 
he  gave  for  the  motions  of  Jupiter’s  satellites  were  published  10th 
March,  1798,  in  Nicholson’s  Journal,  vol.  ii.  4to  edition,  p.  122,  et 
seq.  which  was  somewhile  before  we  had  any  account  of  Janvier’s 
Sphere  Moumnte , whose  numbers  for  the  same  motions  were  so  nearly 
similar  to  those  of  Dr  Pearson’s,  that  we  could  hardly  be  restrained 
from  suspecting  at  first  sight,  some  degree  of  plagiarism  on  the  part 
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of  M.  Aiitide  Janvier ; but  having  taken,  as  we  are  led  to  suppose, 
the  same  way  to  find  numbers  for  the  teeth  of  the  wheels,  &c.,  in  his 
planetary  machine,  as  Dr  Pearson  did,  and  the  principle  being  a gen- 
eral one,  the  results  would  and  must  naturally  be  the  same.  Janvier 
appears  however,  from  his  works,  to  be  master  of  this  subject,  had  got 
a liberal  education,  and  of  that  rank  in  life,  being  the  son  of  one 
who  was  a general*  second  in  command  of  the  French  army  at  the 
battle  of  Fontenoy. 

To  the  practical  astronomer,  an  orrery  can  be  of  little  use,  unless 
in  the  hands  of  those  who  may  give  public  lectures  on  Astronomy, 
where  it  is  very  well  calculated  to  show  the  motions  of  the  heavenly 
bodies,  and  the  beauty  and  order  of  the  solar  system,  in  such  a fami- 
liar way,  as  to  impress  the  subject  readily  on  the  minds  of  young  stu- 
dents. As  there  is  some  ingenuity  required  to  find  the  numbers  for 
the  wheel  teeth,  as  well  as  to  construct  and  arrange  the  wheels  in  an 
orrery,  so  as  to  show  the  motions  of  the  planets  in  their  natural  time 
and  order,  it  is  for  these  reasons  that  we  have  been  induced  to  enter 
a little  into  the  subject,  that  the  practical  artist  may  derive  some 
small  assistance  from  it,  yet  without  any  pretensions  of  making  him 
an  adept.  He  will  acquire  much  useful  information  by  consulting  the 
articles  Orrery , Planetary  Numbers , Planetary  and  Satellitian  Machines, 
in  Dr  Rees’  new  Cyclopaedia. 

The  method  to  be  now  shown,  is  founded  on  what  is  called  by 
arithmeticians  the  reduction  of  ratios,  that  is,  reducing  what  is  ex- 
pressed in  large  numbers  to  their  equivalents  nearly  ; and  so  as  they 
may  be  represented  in  lower  terms ; as  shall  be  illustrated  by  the  fol- 
lowing examples ; — 


PROBLEM. 

Any  ratio  between  two  given  numbers,  consisting  of  many  places  of 
figures,  being  proposed,  to  find  a set  of  integral  numbers  that  shall  be 
the  nearest  to  that  given  ratio  ? 

Divide  the  consequent  by  the  antecedent,  and  the  divisors  by  the 
remainder,  and  the  last  divisor  by  the  last  remainder,  till  nothing 
shall  remain,  in  the  same  way  as  finding  the  greatest  common  mea- 
sure for  any  two  numbers  : then,  for  the  terms  of  the  first  ratio, 
unity  will  always  be  the  first  antecedent,  and  the  first  quotient,  the 
first  consequent ; for  the  second  ratio,  multiply  the  first  antecedent 
and  consequent,  by  the  second  quotient,  and  to  the  product  of  the 
antecedent  add  0,  and  to  the  consequent  add  1,  and  the  sum  shall  be 
the  terms  of  the  second  ratio.  For  the  following  ratios,  multiply  the 
last  antecedent  and  consequent  by  the  next  quotient,  and  to  the  pro- 
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duct  add  the  last  antecedent  and  consequent  but  one,  and  the  sum 
shall  be  the  present  antecedent  and  consequent.  It  is  necessary  to 
remark,  that  if  the  terms  of  the  given  ratio  are  not  prime  to  each 
other,  they  must  be  made  so,  before  the  operations  proposed  above  are 
performed. 


EXAMPLE. 


Let  the  ratio  of  7988  to  163704  be  proposed,  and  to  find  smaller 
integral  numbers  in  the  same  proportion  as  near  as  can  be  found.  The 


ratio  expressed  in  the  usual  form  is 


7988 

163704’ 


and  it  is  easily  seen  that 


the  terms  are  not  prime  to  each  other,  for 


7988  _ 3994 
163704-  81852 


1997 

40926, 


which  are  prime  to  each  other,  that  is,  where  no  other  number  except 
unity  will  divide  both  without  a remainder. 


1997)40926(20 

3994 


986)19.97(2 

1972 

25)986(39 

75 

236 

225 


22 


3)11(3 

9 


2)3(1 


1)2(2 

2 


The  quotients  found  in  this  operation  are  20,  2,  39,  2,  3,  1,  and  2. 
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The  first  quotient 


20 

X 

0 

+ 

1 

0"  ” 

1 

20 

or  first  ratio. 

1 

20 

X 

2 

+ 

0 

T ~ 

2 

41 

second  ratio. 

2 

4l 

X 

39 

+ 

l 

20  ~ 

79 

1619 

third  ratio. 

79 

1619 

X 

2 

+ 

2 

4l  “ 

160 

3279 

fourth  ratio. 

160 

x 

+ 

79 

559 

fifth  ratio. 

3279 

tJ 

1619 

11456 

559 

-X 

1 

+ 

160 

719 

sixth  ratio. 

11456 

3270 

14735 

719 

X 

2 

+ 

559 

1997 

seventh  ratio. 

14735 

11456 

40926 

The  last  ratio  is,  that,  where  the  numbers  are  prime  to  each  other, 
and,  therefore,  a proof  of  the  operation.  It  is  necessary  to  observe, 
that  the  first  ratio  of  1 to  20  is  farther  from  the  truth  than  the  se- 
cond, which  is  2 to  41;  and  the  third,  79  to  1619,  is  still  nearer  to 
the  given  ratio,  and  all  of  them  are  the  nearest  that  can  be  found  in 
round  numbers,  where  the  antecedent  and  consequent  is  one  of  the 
numbers  above.  Thus,  the  ratio  of  7988  to  163704,  may  be  expres- 
sed by  six  different  ratios,  all  of  them  in  smaller  whole  numbers,  that 
constantly  approach  nearer  and  nearer  to  the  truth,  till  the  seventh 


ratio  above,  which  is  the  same  with  it,  as  well  as  the  ratio 


3994 

81852, 


The  application  or  use  of  the  foregoing  problem  will  be  seen  in  the 
following  example: — 

A lunation,  or  synodical  revolution  of  the  moon,  consists  of  29 
days,  12  hours,  44  minutes,  2 seconds,  and  52  thirds:  It  is  required 
to  find  such  numbers  for  the  teeth  of  the  wheels,  and  leaves  of  the 
pinions,  as  shall  cause  the  last  wheel  in  the  train  to  make  one  turn  in 
the  above  period  of  time? 

Reduce  the  12  hours,  44  minutes,  2 seconds,  52  thirds,  to  the  de- 
cimal of  a day;  the  number  of  thirds  here,  is  2750572:  this,  divided 
by  518400,  the  thirds  in  a day  or  24  hours,  the  quotient  .5305887 
will  be  the  decimal  part  of  a day;  the  lunation  is  then  29.5305887 
days,  and  this  being  divided  by  1.0000000,  and  so  on,  reducing  it 
to  get  a few  quotients,  as  in  the  preceding  operation.  The  quotients 
obtained  by  these  operations,  are,  29,  1,  1,  7,  1,  2,  17,  2;  with 
these  quotients  we  proceed  to  obtain  a ratio  somewhat  near  to 
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1.0000000  , , , . , AA  . . , „ 

29  5305887  ’ rePresen^ec^  111  lower  terms;  now,  29  being  the  first 

quotient,  will  be  represented  in  the  first  ratio  as  1 to  29,  or  The 

numbers  of  the  fraction  — ^530533^  are  prime  to  each  other,  1 being 

the  common  divisor,  and  the  quotients,  in  addition  to  the  above,  1, 
11,1,  1,1,  1,1,  2,  2,  1,1,  and  2. 


1 

1 

first  ratio. 

29 

X 

0 

+ 

T 

— 

29 

1 

X 

1 

+ 

0 



1 

second  ratio. 

29 

T 

30 

1 

1 

2 

third  ratio. 

X 

1 

+ 

— 

30 

29 

59 

2 

1 

15 



X 

7 

+ 

— 

fourth  ratio. 

59 

30 

443 

15 

X 

1 

+ 

2 

_ 

17 

fifth  ratio. 

443 

59 

502 

17 

x 

2 

+ 

15 

49 

sixth  ratio. 

502 

443 

1447 

49 

X 

17 

+ 

17 

850 

seventh  ratio. 

1447 

502 

25101 

850 

X 

2 

+ 

49 

1749 

eighth  ratio. 

25101 

1447 

51649 

If  we  take  the  eighth  ratio,  and  divide  the  consequent  by  the  ante- 
cedent, we  shall  have  29  days  for  the  quotient ; the  remainder  being 
multiplied  by  24,  and  the  sum  again  divided  by  the  antecedent  1749, 
the  quotient  will  be  12  hours,  and  so  on,  as  seen  in  the  following 
operation: — 
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1749)51649(29  days. 

3498 


16669 

15741 


928 

24 


3712 

1856 


1749)22272(12  hours. 
1749 


4782 

3498 


1284 

60 


1749)77040(44  minutes. 
6996 


7080 

6996 


84 

60 


1749)5040(2  seconds. 
3498 


1542 

60 


1749)92520(52  thirds  or  JL 
8745  58b  10 


5070 

3498 


1572_  524 
°%49-  583’ 


or  nearly 


nearly. 
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1749 

If  the  antecedent  of  the  fraction  is  divided  by  prime  num- 

51649  J r 

bers,  we  shall  get  numbers  for  the  pinions,  and  numbers  for  the  wheel 
teeth  will  be  got  in  the  same  manner,  by  dividing  the  consequent 
with  the  like  kind  of  numbers. 


1749 

3 

51649 

13 

583 

11 

3973 

29 

53 

53 

137 

137 

1 

1 

3 11  53 

The  fractions  then  are  — xqq  x T^7  = ^9  days,  12  hours,  44  mi- 
1 o Zi'j  Lot 

15  22  53 

nutes,  2 seconds,  52j-§-§  thirds ; or  they  can  be  made  x x "T37" 
= to  the  above. 


If  a cipher  is  added  to  both  parts  of  the  fraction  -,  they  will 

then  decompose  into  such  numbers,  as  are  better  suited  for  the  teeth 
of  the  wheels  and  leaves  of  the  pinions,  as  may  here  be  seen,  but 
differing  nothing  from  the  fractions  already  stated. 


516490 

2 

17490 

2 

258245 

5 

Wheels. 

8745 

3 

Pinions. 

51649 

13  - 

2x29=  58 

2915 

5 

3x  5=15 

3973 

29  - 

5x13=  65 

583 

11 

2x11=22 

137 

137  - 

137=137 

53 

53 

53=53 

If  the  ratio  had  been  carried  on  to  the  ninth  or  tenth  quotient,  they 
would  have  been  represented  by  so  great  a number  of  places  of  figures, 
that  before  they  could  have  been  divided  into  such  small  numbers  as 
were  practicable  for  wheel  teeth,  we  should  have  been  prevented  by 
meeting  with  prime  numbers  of  too  great  extent,  an  inconvenience 
that  frequently  occurs  in  this  method  of  finding  numbers. 

The  numbers  that  have  been  obtained  here  for  the  teeth  of  wheels, 
and  leaves  of  pinions,  are  the  same  which  give  the  synodical  revolution 
of  the  moon  in  Janvier’s  Sphere  Moumnte. 

The  earth  is  computed  to  perform  its  annual  revolution  for  a tro- 
pical year,  in  365  days,  5 hours,  48  minutes,  48  seconds.  A train 
of  wheels  and  pinions  to  represent  this  motion  of  the  earth,  may  be 
obtained  by  a process  like  that  of  the  preceding;  and  a neat  scheme  of 
it,  by  Dr  Pearson,  may  be  seen  in  Rees’s  new  Cyclopaidia,  under  the 
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article  Planetary  Numbers.  Reduce  5 hours,  48  minutes,  48  se- 
conds, to  the  decimal  of  a day,  which  becomes  .242,  making  the  time 
of  the  earth's  annual  motion  to  be  865.242  days.  To  reduce  this 
decimal  part  to  a vulgar  fraction,  being  a repeater,  it  cannot  be  re- 
duced in  the  common  way;  the  finite  part  being  subtracted  from  the 
whole  decimal,  will  give  the  numerator  of  the  fraction  ; the  denomi- 
nator must  be  9 for  each  figure  of  the  infinite  part,  (that  with  a dot 
on  the  top  of  the  last  figure  2,)  and  having  as  many  ciphers  added  to 
it  as  there  are  integers  in  the  finite  part,  which  in  this  case  are  two ; 
as  thus : 

242 

24  _ 218  _ 109 
218  “ 900  “ 450  ‘ 


242 — 24 


218 


109 


Am 


Or  it  may  be  represented  thus,  y0(J  - 900  - ^ 

164359 

365PiHr,  reduced,  becomes  the  improper  fraction  , this,  when 

450 

inverted,  will  be  the  fraction  , the  same  as  produced  by  the 

process  of  reduction  in  the  seventh  ratio  in  the  scheme  alluded  to. 


450 

225 

75 

25 

5 


Pinions. 
2x5=10 
3x3=  9 
5=  5 


164359 

12643 

269 


Wheels. 

13 

47 

269 


10  9 5 

WX47X13  °r 


10 


10 


X T>7  x snl  — 3(35  days,  5 hours,  48  mi- 


269  47  26 


nutes,  48  seconds. 

Or  thus,  X ^ X — giving  the  same  result  as  above.  These 
’ 26  47  269  & 

are  the  same  numbers  as  are  in  Janvier's  Sphere  Momante. 


The  first  pinion  9 in  this  train,  and  15  in  that  of  the  moon's  syno- 
dical revolution,  are  supposed  to  turn  round  once  in  24  hours;  the 
time  of  the  revolutions  of  the  last  wheel  in  each  is  respectively  given. 


A solar  or  tropical  year  being  computed  to  consist  of  365  days,  5 
hours,  48  minutes,  48  seconds,  the  siderial  revolutions  in  that  time  are 
366  days,  5 hours,  49  minutes,  47  seconds,  9aWF  thirds.  To  find 
numbers  for  the  wheels  and  pinions  to  produce  a siderial  motion,  re- 
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dace  5 hours,  49  minutes,  47  seconds,  9/^V  thirds,  to  the  decimal  of 

a day,  and  it  will  be  represented  by  the  fraction  ggg^2429068’  w^ose 

greatest  common  measure  is  4,  consequently  the  numbers  are  not  prime 

to  each  other,  neither  are  ~ which  is  the  half  of  the  first  frac- 

183.1214534 

tion,  but  this  last,  when  again  divided  by  2,  becomes  so ; as 

and  from  this  we  obtain  the  following  nineteen  quotients,  viz.  366, 
4,  8,  1,  1,  3,  1,  1,  2,  1,  1,  2,  1,  2,  1,  4,  1,  2,  3,  and  the  last  ratio 

produced  from  them  will  be  which,  multiplied  by  4,  gives 

...  1.0000000  . x , . , 

the  original  3^  2429068*  same  quotients  can  be  got  irom  any 

of  the  three  fractions,  and,  of  course,  the  same  ratio  will  be  the  re- 
sult. The  tenth  ratio,  may  be  decomposed  into  numbers  for 

the  wheels  and  pinions,  though,  by  itself,  it  is  not  so  well  suited  as 
other  numbers  would  be,  the  divisors  of  the  numerator  being  two  7*, 
and  a 41  ; those  of  the  denominator,  one  2,  a 37,  a 61,  and  163, 

which  give  for  V'?0™  = 2009  ;f  the  denomina. 

8 wheels  61x74x163  735782 

tor  be  divided  by  the  numerator,  and  the  reduction  carried  on,  it 

will  give  366  days,  5 hours,  49  minutes,  47  seconds,  9^%V  thirds. 

2009  . . . . 96432 


It  is,  however,  from  the  ratio  ^ 


that  the  fraction 


; is 


735782  35317536 

derived;  and  this,  when  divided  by  prime  numbers,  gives  for  the 
numerator  four  2s,  one  3,  two  7s,  and  a 41 ; and  for  the  denomina- 
tor, five  2s,  one  3,  a 37,  61,  and  163,  making  the  numbers  for  the 


pinions  12xl4xl4x  41  _ 96432 


J—  ; and  these  are  the  actual  num- 


wheels  48x61x74x163  35317536 

bers  that  Janvier  had  in  his  Sphere  Moumnte , of  a new  and  simple 
construction,  to  produce  in  it,  an  annual  siderial  revolution.  He  has 

not  given  us  the  process  by  which  the  fraction  was  °^>“ 

tained,  nor  even  the  fraction  itself,  though,  from  his  numbers,  it  is 
evident  that  they  are  derived  from  this  fraction : he  only  mentions 
that  the  numbers  were  derived  from  the  solids  2009  and  735782.  We 

96432 

observe  that  the  fraction  — may  be  obtained  by  multiplying 

353 1 75oO 

2009 

the  tenth  ratio  yggygg  ^ ^8,  which  is  half  of  the  product  of  the 
remaining  nine  quotients  multiplied  into  one  another;  or  it  may  be 
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found  by  the  simple  addition  of  several  of  the  ratios  together;  such,  for 
example,  as  that  of  the  4th,  7th,  8th,  9th,  10th,  11th,  12th,  13th,  and 
the  double  of  the  14th  ratio ; or  otherwise  by  that  of  the  4th,  7th, 
8th,  9th,  10th,  and  the  double  of  the  15th,  as  may  easily  be  seen,  for 


37  317  564  1445 

13551  +116099+2C6561 +529221 
12371  33659  33659 

4530791  +12327370+12327370: 


2009 


3454 


8917 


735782^  1265003  "r  3265788  ' 
96432 

S53T7536’thefraCti0nre,luired; 


37  , 317  , 564  , 1445  , 2009  , 46030 

or,  seconc  y,  lg551  +n6099+206561+529221+735782  1 16858161 


46030 

16858161 


S6432 
3531 / 536 


as  before ; but  in  order  that  the  addition 


may  appear  more  clear,  we  shall  place  all  the  numerators  in  one 
column,  and  all  the  denominators  in  another,  thus : 


37  - 
317  - 
564  - 
1445  - 

4th  - 
7th  - 
8th  - 
9th  - 

13551 

116099 

206561 

529221 

37  - 

4th  - 

13551 

2009  - 

10  th  - 

735782 

317  - 

7th  - 

116099 

3454  - 

11th  - 

1265003 

564  - 

8th  - 

206561 

8917  - 

12  th  - 

3265788 

1445  - 

9th  - 

529221 

12371  - 

13th  - 

4530791 

2009  - 

10th  - 

735782 

33659  \ 

14th  - 

f 12327370 

46030  ) 

15  th  - 1 

16858161 

33659  j " 

t 12327370 

46030  j " 

16858161 

96432 

35317536 

96432 

35317536 

It  is  unnecessary 

here  to  put  down  the  whole 

ratios  in 

detail,  as 

any  one  may  at  pleasure  find  them  with  the  assistance  of  the  nineteen 
quotients  before  mentioned,  viz.  366,  4,  8,  1,  1,  &c.  &c.  proceeding  in 


the  same  manner  as  in  pages  54  and  55. 


The  two  following  problems  are  from  Cours  de  Mathematiques , par 
M.  Camus. 

PROBLEM. 

To  find  the  numbers  of  the  teeth  of  wheels,  and  leaves  of  pinions, 
in  a machine,  which  being  led  by  a pinion  placed  on  the  hour  wheel 
of  a clock,  shall  cause  a wheel  to  make  a revolution  in  a mean  year, 
supposed  to  consist  of  365  days,  5 hours,  49  minutes. 

Solution. 

Let  A (No.  5,  Plate  I.)  be  the  wheel  which  ought  to  make  a revo- 
lution in  365  days,  5 hours,  49  minutes;  h,  the  pinion,  to  be  placed 
on  the  hour  wheel,  and  like  it  make  a revolution  in  12  hours;  and 
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BC,  fg,  two  other  wheels  and  two  other  pinions,  by  means  of  which, 
the  motion  of  the  pinion  h will  be  communicated  to  the  wheel  A. 

As  the  pinion  h makes  a revolution  in  12  hours,  or  two  revolutions 
in  a day,  it  will  make  730  revolutions  in  365  days,  and  or  ff{j-  0f 
a revolution  in  five  hours ; and  as  a minute  is  equal  to  -Jg.  of  an  hour, 
or  of  12  hours,  the  same  pinion  will  perform  T4^-  of  a revolution 
in  49  minutes.  This  pinion  therefore  will  make  730ff^  revolutions 
in  365  days,  5 hours,  49  minutes  ; that  is  to  say,  during  the  time 
that  the  wheel  A ought  to  perform  its  revolution.  But  the  product 
of  the  wheels  ABC  is  equal  to  the  product  of  the  pinions  f g h , mul- 
tiplied by  the  number  of  the  revolutions  made  by  the  pinion  h dur- 
ing a revolution  of  the  wheel  A.  We  shall  therefore  have  this 
equation  AxBxC=730f-f£x/x^x/* ; and  as  the  numbers  of  the 
teeth  of  the  wheels  ought  not  to  contain  fractions,  the  value 
730 T^yfxgxh  must  be  a whole  number.  Therefore,  if  the  num- 
ber 730f-ftr  be  multiplied  by  the  product  of  the  pinions  fxgxli , the 
fraction  which  has  720  for  denominator  must  become  a whole  num- 
ber, consequently  the  product  of  the  pinions  fxgxh  must  be  equal  to 
720,  or  be  a multiple  of  720. 

If  the  product  of  the  pinions  fxgxh  were  made  equal  to  720,  it 
might  be  decomposed  into  the  three  factors  8,  9,  10,  which  could  be 
taken  as  the  numbers  for  the  leaves  of  these  pinions  ; the  equation 
AxBxC=73Of|f>0<^x^,  would  then  become  AxBxC=525949, 
as  730x720+349=525949.  But  this  number  found  as  the  product 
of  the  numbers  of  the  teeth  of  the  three  wheels  ABC,  cannot  be  de- 
composed into  three  factors,  which  could  be  the  numbers  for  the 
teeth  of  these  wheels ; it  must  then  be  concluded,  that  it  is  not  pos- 
sible for  it,  to  cause  the  wheel  A to  make  a revolution  in  365d-  5hl 
49m‘ 

If  a multiple  of  720  were  taken  as  the  product  of  the  pinions,  no- 
thing would  be  gained,  as  we  should  find  for  the  product  of  the 
wheels  ABC,  a number,  a multiple  of  525949  ; and  this  multiple 
could  not  be  better  decomposed  than  525949.  As  the  number 
73 Of +§-,  multiplied  by  any  other  product  of  the  pinions  than  720,  or 
than  a multiple  of  720,  would  not  give  a product  without  fractions 
for  that  of  the  wheels  ; and  as  the  fractions  must  be  neglected  in  the 
product  of  the  wheels  ABC,  it  is  necessary  to  find  for  the  product 
of  the  pinions  fxgxh , a whole  number,  which,  being  multiplied  by 
730f+§-,  may  give  a product  as  near  as  possible  to  a whole  number. 
In  general,  this  is  done  by  repeated  trials  ; but  as  this  method  is 
defective,  we  shall  here  propose  another,  by  which  the  problem  may 
be  solved  with  more  certainty.  When,  in  searching  for  the  value  of 


62 


NUMBERS  FOR  A TROPICAL  YEAR. 


the  product  of  the  wheels  AxBxC,  or  to  approach  as  near  to  it  as 
possible,  we  have  multiplied  73 Off#  by  the  product  of  the  pinions 
fxgxh , which  will  be  a whole  number;  the  product  found  will  be 

composed  of  these  two  parts  730x/xyx/*  and  But  the 

first  part  730xfxgxh  is  a whole  number,  since  its  two  factors,  730 
and  fxgxh , are  whole  numbers.  We  must  therefore  proceed  in  such 


a manner  that  the  second  part 


349  x fxgxh 
720 


may  approach  as  near  as 


possible  to  a whole  number.  That  this  may  be  the  case,  it  is  neces- 
sary that  its  numerator,  which  is  a whole  number,  should  be  too  great 
or  too  little,  only  by  unity,  to  be  divided  by  its  denominator  720. 
But,  if  we  suppose  that  this  numerator  is  too  great  by  unity,  and  if 

we  lessen  it  by  that  unity,  we  shall  have  equal  to  a 

whole  number.  If  this  whole  number  then  be  represented  by  S,  we 

shall  have  g. 

720 

If  each  member  of  this  equation  be  multiplied  by  720,  we  shall 
have  34<9  xfxgxh — 1=720  S.  Then  adding  1 to  each  member  of 
the  last  equation,  and  afterwards  dividing  each  of  its  new  members  by 

720  S [ 1 

349,  it  will  be  reduced  to  the  following,  fxgxh=  — . 

As  the  product  of  fxgxh , which  forms  the  first  member  of  the 
last  equation,  is  a whole  number,  so  the  second  member  °f 

the  same  equation  will  also  be  a whole  number.  But  this  whole 
number  composed  of  two  parts, 


698S  ....  , . „ G , 22  S+l 

—9— winch  is  equal  to  2 0,  and  — — , 


22  S+l 

Put  then 

349 


therefore  22  S+l  =349 1 * 

22  S=349 1 — 1 

S=349* — 1 , . , . . ,330*  ,19 * — 1 

• — — — which  is  composed  ol  =lo  1 and  — — — 


Putting  then  ^ ^ ^=r,  we  shall  have, 


19*— 1=22  0 
19  *=22^+1 
*=22??+l 


,Tx  ri.  , ,19®  i3»+l 

which  is  composed  or  =0,  and 
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Say  now 


3*?  + l 


x we  have 


19 

3^  + 1 =19 
3«  = 1.9#  — 

'C  — 1 9 .27 1 


Then  put 


1 


3 


3 

:y,  then 


which  is  composed  of 


18  ^ 


6 x and  — - . 
o 


x — 1 =3y 
x=3y+1 
Then  if  we  make  y=0 

we  shall  have  x = l,  and  we  may  find  the  product  of  fxgxh  by 

19# i 

simple  substitutions,  for  putting  1 for  x in  the  equation  rc  - 


3 


we 


find  v = 6,  and  putting  6 for  r>  in  the  equation  t = , we  obtain 


19 


t — 7 ; and  7 for  t in  S = 


349 £ — 1 
22 


we  get  S=lll;  lastly,  putting  111 


for  S in  the  equation  fxg  X h = ( 1 * 1 we  find  the  product  of  the 

pinions  to  be  229,  for  720x111+1-^349=229. 

As  the  number  229  found  for  the  value  of  the  product  of  the 
pinions  fxgxh , is  a prime  number,  which  cannot  be  decomposed  into 
several  factors;  and  as  it  exceeds  the  number  of  leaves  that  can  be 
given  to  a pinion,  it  will  be  necessary  to  seek  for  another  more  con- 

x i 

venient.  If,  instead  of  making  - = y,  it  had  been  made  succes- 
sively equal  to  1,  to  2,  to  3,  &c.,  we  should  have,  as  the  product  of 
fxgxh  other  numbers,  949,  1669,  2389,  &c.,  formed  by  the  conti- 
nual addition  of  720  to  229;  but  as  these  new  products  are  prime 
numbers,  or  composed  of  factors  too  great,  to  be  the  numbers  of  the 
leaves  of  pinions,  or  give,  as  the  product  of  the  wheels,  numbers 
composed  of  factors  too  great,  they  cannot  be  employed.  In  a word, 
this  article  is  not  demonstrated,  because  there  are  no  rules  to  enable 
us  to  determine  whether  a number  resulting  from  these  compositions 
will  be  a prime  number,  or  composed  of  several  factors  of  a certain 
quantity. 

As  the  number  22.9  cannot  be  the  product  of  the  several  pinions 
f g , h , we  must  search  for  another,  which,  being  multiplied  by  349, 
shall  give  a product  too  great  by  2 or  3,  to  be  divisible  by  720;  that 


is  to  say,  we  must  make 


349  xfxgxh- 


349  x fxgxh — 3 , . 

or equal  to 


720  720 

a whole  number,  represented  by  S,  repeating  the  operations  above 
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explained,  in  the  case  where  it  was  required,  that 


349  x fxgxh — 1 
~ 720 


should  be  a whole  number;  and  we  shall  have  the  following  equa- 
tions, which  will  differ  from  the  first  only  in  this,  that  they  will  con- 
tain +2  and  — 2,  or  +3  and  — 3,  instead  of  +1  and  — 1,  which  were 
in  the  first. 


fxgxli  — 
S = 


720  S +2 
349 

349  t— 2 


22 

22  v + 2 


t — 


19 

19  x — 2 


fxgxh  — 
S = 


or 


720  S 4 3 
349 

349  t — 3 
22 

4 _ 22  ® 4 3 

t ~ 19 

19  x — 3 

,=— 3— 

x=  3 


But  if  to  find  the  value  of  the  product  of  the  pinions  fxgxh , we 
substitute  in  these  two  new  series  of  equations  2 or  3,  in  the  place 
of  x,  in  the  value  of  «,  then  the  value  of  v in  the  room  of  £,  and 
that  of  t in  the  room  of  S,  and  the  value  of  S in  that  of  the  product 
of  the  pinions  fxgxh , we  shall  find  for  that  product  458,  which  is 
the  double  of  229,  or  687,  which  is  the  triple  of  229:  and  as  we 
rejected  229,  because  it  was  indecomposable,  and  too  great  to  be  the 
number  of  the  leaves  of  a pinion,  we  must  reject  also  the  two  num- 
bers 458  and  687,  which  both  have  the  same  number  229  as  one  of 
their  factors.  But,  if  we  endeavour  to  find  for  the  product  of  the 
pinions  fxgxh , a number,  which,  being  multiplied  by  349,  shall 
give  a product  too  great  by  4 units,  to  be  divisable  by  720,  that  is  to 

349  xfxoxh 4 

say,  if  it  be  required  that '*^7^) should  be  a whole  number, 

we  shall  have  the  following  equations,  which  will  differ  from  the  for- 
mer only  in  this,  that  they  will  contain  44,  or  —4,  whereas  the  first 
contained  41,  or  — 1. 


fxgxh  — 


720  S44 
349 


S = 


t — 


349 1 — 4 

22 

22^4  4 

T9 

19  ^ — 4 
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we  shall  have  x — 1. 


Substituting  1 for  x 


Putting  5 for  v in 


^ value  of  i t,  we  shall  find  t — 6. 


Putting  6 for  t in  — 


-,  value  of  S,  we  shall  have  S = 95. 


Finally,  putting  95  for  S in 


fxgxh  — 196:  because  720x95  +4-=-S49  = 196.  Now,  the  number 
196,  found  as  the  value  of  the  product  of  the  pinions  fxgxh , is  decom- 
posable into  the  three  factors  4,  7,  7,  which  can  be  the  numbers  of  the 
leaves  of  these  three  pinions,  therefore  these  pinions  are  determined. 


we  shall  resume  the  equation  AxBxC  = '73§^4$xfxgxh,  which  we 
found  at  the  beginning  of  the  solution ; and  putting  196  for  the 
product  of  fxgxh , we  shall  find  AxBxC  = 143175740-;  for 
730  x 720  + 349  x 196  720  = 143175t4o*  Neglecting  the  fraction 

rhy  that  we  proposed  to  reject,  we  shall  have  for  the  product  of  the 
wheels  ABO,  the  number  143175,  which  will  decompose  easily  into 
these  three  factors,  25,  69,  83,  that  can  be  the  numbers  for  the  teeth 
of  the  three  wheels  ABO. 

Therefore,  to  cause  the  wheel  A make  one  turn  in  365  days,  5 
hours,  49  minutes,  or  nearly  so,  by  means  of  a wheel-work  led  by  a 
pinion  h,  placed  on  the  hour- wheel,  (as  it  is  commonly  called  by  clock- 
makers,  although  its  revolution  takes  12  hours,)  of  a clock,  we  may 
make  use  of  three  wheels  ABO,  the  numbers  of  whose  teeth  must  be 
83,  69,  and  25,  and  three  pinions  f,  g,  li,  the  number  of  whose  leaves 
will  be  4,  7,  7. 

In  place  of  the  pinion  h turning  round  in  12  hours,  let  us  sup- 
pose it  to  go  round  every  24  hours ; 196,  the  number  found  for  the 
pinions,  must  now  be  doubled  also,  that  is,  it  must  be  392 ; the  pi- 
nions will  then  be  8,  7,  7,  and  the  wheels,  as  before,  83,  69,  25,  which 


To  determine  the  numbers  for  the  teeth  of  the  three  wheels  ABO, 


may  thus  be  represented  = 


8x7x7  pinions 


= 365  days,  5 


25x69x83  wheels 


E 
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hours,  48  minutes,  58  seconds,  46ff  thirds,  being  the  time  that  the 
wheel  A will  take  to  make  one  revolution,  and  less  than  the  proposed 
time  by  1 second,  13ff  thirds.  Hence,  we  remark,  that  the  fraction 
which  has  been  neglected  in  the  product  of  the  wheels,  will  not 
cause,  (on  the  time  of  the  revolution  required ,)  an  error  of  more  than 
1 second,  18f-§-  thirds,  and  that  it  would  take  near  2940  years  before 
this  error,  in  being  multiplied  into  itself,  could  mount  up  to  an  hour, 
or  49  years  before  it  would  come  to  1 minute. 

PROBLEM. 

To  find  the  numbers  of  the  teeth  of  the  wheels,  and  leaves  of  pin- 
ions of  a machine,  which,  being  moved  by  a pinion  (in  a clock) 
that  makes  a revolution  in  an  hour,  shall  cause  the  last  wheel  in  the 
machine  to  make  a revolution  in  29  days,  12  hours,  44  minutes,  3 
seconds,  and  12  thirds,  being  the  time  of  a mean  synodical  revolution 
of  the  moon. 


SOLUTION. 

Let  A (No.  5.  Plate  I.)  be  the  wheel  which  it  is  proposed  shall 
make  a revolution  in  29  days,  12  hours,  44  minutes,  3 seconds,  and 
12  thirds;  h,  the  pinion,  which  placed  on  the  arbor  of  the  centre 
wheel  of  a clock,  like  it  shall  make  a turn  in  an  hour ; and  BC,  two 
other  wheels,  and  f g,  two  other  pinions,  by  whose  means  the  motion 
of  the  pinion  h will  be  communicated  to  the  wheel  A. 

The  pinion  h making  one  turn  in  an  hour,  or  24  turns  in  a day, 
it  will  make  696  turns  in  29  days,  and  708  turns  in  29  days,  12 
hours. 

A minute  being  or  2 * g g 0 of  an  hour,  the  pinion  h will  make 
i 1 1 o o o turns  in  44  minutes. 

A second,  being  -3-gVo  or  of  an  hour,  the  pinion  h will  mak^ 

o-^eVo  o turns  in  3 seconds. 

A third,  being  2 1 eVo  o °f  an  hour,  the  pinion  h will  make 
turns  in  12  thirds. 

So,  while  the  wheel  A makes  one  turn,  the  pinion  h will  make 
708-1-floog  turns,  or  7081^6g-  turns,  in  dividing  the  two  terms  of  the 
fraction  by  192.  But  the  product  of  the  wheels  AxBxC,  is  equal 
to  the  product  of  the  pinions  fxgxh , multiplied  by  the  number  of 
the  turns  that  the  pinion  h makes  during  one  turn  of  the  wheel  A. 
We  shall  then  have  AxBxC=/x^X^x708j^6T. 

Therefore  when  it  is  required  that  the  wheel  A should  make  a 
turn,  exactly  in  29  days,  12  hours,  44  minutes,  3 seconds,  12  thirds, 
we  must  take  for  the  product  of  the  pinions  fxgxh , a number  which 


NUMBERS  FOR  A LUNATION. 


67 


may  be  equal  to  tlie  denominator  of  the  fraction  •£££&  or  which  may 
be  a multiple  of  that  denominator. 

But  in  taking  the  number  1125  for  the  value  of  the  product  of  the 
pinions  fxgxh,  and  substituting  it  in  the  place  of  this  product  in  the 
equation  A xBxC=/x^X^X 7083^5,  we  shall  have  for  the  value  of 
the  product  of  the  wheels  AxBxC,  the  number  797326,  which  cannot 
be  decomposed  into  factors  fit  to  be  the  numbers  of  the  teeth  of  two 
or  three  wheels.  The  wheel  A therefore  cannot  be  made  to  perform 
a revolution  in  29  days,  12  hours,  44  minutes,  3 seconds,  and  12 
thirds  ; and  it  will  be  requisite  to  find,  as  the  product  of  the  pinions 
fxgxh , a whole  number,  which,  being  multiplied  by  708T8i2265,  may 
give  a product  approaching  as  near  as  possible  to  a whole  number. 

In  searching  for  the  product  of  the  wheels,  or  endeavouring  to  ap- 
proach it,  when  we  have  multiplied  708x^-22-63-  by  the  product  of  the 
pinions  fxgxh , the  product  will  be  composed  of  these  two  parts, 

708 xfxgxh,  and  But,  as  the  first  part  708 xfxgxk 


will  be  a whole  number,  and  as  the  sum  of  these  two  parts  ought  to 
approach  as  near  as  possible  to  a whole  number,  it  will  be  necessary 

to  proceed  in  such  a manner,  that  the  second  part  — - ? may 


approach  as  near  as  possible  to  a whole  number. 

That  the  fraction  may  differ  as  little  as  possible  from 

a whole  number,  its  numerator  must  be  too  large  or  too  small,  only  by 
unity,  to  be  divisible  by  1125.  But  by  making  the  numerator  greater 
or  less  by  unity,  or  even  by  2,  or  3,  or  4,  or  5,  or  6,  or  7,  or  8,  units, 
than  a number  divisible  by  1125,  we  shall  find,  as  the  product  of  the 
wheels  AxBxC,  numbers,  some  factors  of  which  will  be  too  great  to 
be  the  numbers  of  some  of  the  wheels  ; and  therefore  it  will  be  ne- 
cessary to  proceed  in  such  a manner,  that  the  numerator  of  the  frac- 
tion may  be  9 units  too  small  to  be  divisible  by  1125  ; that  is  to  say, 
having  added  nine  to  the  numerator  82 6xfxgx7i,  we  shall  suppose  the 

7.  fraction  eqUa]  to  a whole  number  represented  by 


new 


, -|  • 1^  •11  • . A.  826x/x?x/*+9  q 

>,  which  will  give  this  equation,  — k. 


Proceeding  now  in  this  problem  as  we  did  in  the  former,  and  mul- 
tiplying both  members  of  this  last  equation  by  1125,  then  taking  9 
from  each,  and  dividing  the  remainder  by  826,  we  obtain  the  equa- 
tion fxgxh  — — — which  is  composed  of 


e 2 
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826  S a , 299  S — 9 ......  t ...  , . 299  S — 9 , 

— g26  an(i  — — : put  this  last  part  ot  the  equation,  ^ — =t,  we  then 

have  299  S— 9 = 826  t 

299  S = 826  f+9 

a 826  1+9  , . . . . . 598  i _ , . 228 1+9  „ , .. 

S = "2§9~~ 9 ™ch  13  comPoseu  of  -qo5—=  2 t,  and  — ^ — . Put  the 


299 


299 


~~29^~^~  an<*  we  ^ave  228  i+9  = 229  v. 


228  t = 299  9 

299  v— 9 


228  r 


< = — 228 — > is  composed  of  — ^g-—  v 


and  — 2^p  which  say  = *.  Then  71  v — 9 = 228  x 

71  » = 228  x-\-9 


v = 228  *4-9  ....  , „213*  , 

— , which  is  composed  of  = 6 x 


15  #4-9 

and  which  say,  = y.  Then  15  x-\-9  = 71  y 

15  x — 71  y — 9 


X ~ ~T5~ w^ic^  is  comPose<i of  =4 y 


1 1 ?/— -9 

and  — — which  say  = *.  Then  1 1 y — 9 = 15* 

11  y = 15*4-9 


15*+9  ....  , .lh 

y = — , which  is  composed  of  — = 


11 


and  - which  say  = &.  Then  4 *-f-9  = 1 1 & 


4 * = 14  &— 9 

11  &— 9 ....  , ,8 

* = — ^ , which  is  composed  of  — 


3 & 1 

and  — j — which  say  = A.  Then  3 & — 4 = 

.4  A 

3 & 

= 4*4-4 

& 

= , putting  then  A = 2,  we  obtain  the 

nine  following  equations: — 1st, 

& = 3 

2d, 

11  &— 9 

4 

3d, 

15*4-9 

y = Yl 

4th, 

x-7ly~9 

15 

5th, 

228  *4-9 

V = fP~ 

6th, 

299  v—9 

1 ~~  228 

7th, 

0 826  <4-9 

& — 299 

8th, 

_ v.  1125  S — 9 

/X.9X*  s=  — g26 

9th,  AXBXC=/X^X^X708 
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As  the  1st  equation  gave  &=3,  if  we  put  3 for  &,  in  the  2d,  we  shall 
have  z—6,  for  11x3— 9=24+4=6. 

Putting  6 for  0,  in  the  3d,  we  get  «/=9,  for  15x6+9=99-5-11=9. 
Putting  9 for  y,  in  the  4th,  we  find  #•=42,  for  71x9 — 9=630-5-15=42. 

Putting  42  for  in  the  5th,  we  obtain  v=135,  for  228x42+9=9585 
+71=135. 

Putting  135  for  v,  in  the  6th,  we  have  £=177,  for  299x135 — 9=43056 
+228=177. 

Putting  177  for  t,  in  the  7th,  we  get  S=489,  for  826x177+9=146211 
+299=489. 

Putting  489  for  S,  in  the  8th,  we  find  /xyx  7^=666,  for  1125x489 — 
9=550116+826=666. 

Lastly,  putting  666  for  fxgxh , in  the  9th,  we  have  AxBxC=472017 
— rib  708^x666=472017— 

The  number  666,  found  as  the  value  of  the  product  of  the  pinions 
fxgxh , being  reducible  to  these  four  factors,  2,  3,  3,  37,  they  may 
be  compounded  into  these  three,  3,  6,  37,  which  may  be  the  numbers 
of  the  leaves  of  three  pinions;  and  the  number  472017,  which  has 
been  found  for  the  product  of  the  wheels,  neglecting  the  negative  frac- 
tion— 3+2  -5 , being  composed  of  these  factors  3,  7,  7,  13,  13,  19,  they 
may  be  divided  into  these  three  sets,  (3x19),  (7x13),  (7x13),  equal 
to  these  three  factors,  57,  91 , 91,  which  may  be  the  numbers  of  the  teeth 
of  the  three  wheels : it  is  therefore  proved  that  the  problem  is  solved. 

It  is  to  be  remarked,  that  the  negative  fraction  — ■1192  5,  neglected 
in  the  product  of  the  wheels,  and  by  which  this  product  is  rendered 
greater  than  it  ought  to  be,  to  cause  the  wheel  A make  one  revo- 
lution in  29  days,  12  hours,  44  minutes,  3 seconds,  12  thirds,  will 
not  produce,  ( in  the  time  of  the  revolution  of  that  wheel ) an  error  of 
more  than  2f-f-  thirds.  For  if  we  seek  for  the  number  of  revolutions 
which  the  pinion  h will  make  during  a revolution  of  the  wheel  A, 
dividing  the  product  of  the  wheels  472017,  by  the  product  of  the 
pinions  666,  it  will  be  found  that  this  pinion  h,  which  makes  a revo- 
lution in  an  hour,  will  make  708  revolutions,  which  correspond  to  708 
hours,  or  to  29  days,  1 2 hours,  and  there  will  remain  489  revolutions, 
or  489  hours,  which  being  divided  by  666,  will  give  44  minutes,  3 
seconds,  and  14|+  thirds. 

The  time,  therefore,  which  the  wheel  A will  take  to  make  a revo- 
lution, will  be  29  days,  12  hours,  44  minutes,  3 seconds,  14|+  thirds; 
consequently  will  exceed  the  proposed  time  only  by  2|+  thirds. 
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The  pinion  h , which  is  three  here,  being  rather  too  low  a number 
for  practice,  it  would  be  as  well  to  make  it  three  times  that,  which 

666 

will  be  9 ; consequently  both  parts  of  the  fraction  must  be  mul- 

1998 

tiplied  by  3,  the  fraction  now  will  be ~-^605l'?  rePresenting  the  wheels 


and  pinions  multiplied  into  one  another,  and  this  when  decomposed 

M1  • - f pinions  6 X 9 X 37  , . ,, 

will  £ive  lor  i 1 , , — producing  the  same  result 


(wheels  91  X 91  X 171  ’ 
as  above,  29  days,  12  hours,  44  minutes,  3 seconds,  14§-f-  thirds. 


The  late  James  Ferguson,  who  was  equally  eminent  as  a writer  as 
well  as  a lecturer  on  Natural  Philosophy,  being  in  Edinburgh  about 
the  year  1767,  was  so  obliging  as  to  communicate  to  us  a description 
of  the  wheels,  pinions,  and  endless  screws,  in  a train  of  wheel  work 
to  produce  a mean  synodical  revolution  of  the  moon,  mentioning  that 
they  were,  (as  he  supposed)  computed  and  invented  by  Mudge,  but 
at  that  time  no  account  of  them  had  been  published,  nor  was  so  till 
long  afterwards.  The  effect  of  this  train  makes  the  revolution  equal 
to  29  days,  12  hqurs,  44  minutes,  and  3 seconds.  It  is  perhaps  as 
ingenious  a mechanical  contrivance  as  can  well  be  imagined,  and  was 
executed,  and  put  to  a clock  by  Mudge  himself,  for  his  sincere  noble 
friend  and  patron,  his  Excellency  the  late  Count  Bruhl.  A particu- 
lar description,  and  a drawing  of  this  contrivance,  may  be  seen  in  a 
book  published  in  the  year  1799,  by  Mudge’s  son,  chiefly  intended 
for  giving  an  account  of  the  merits  of  his  father’s  time-keepers.  This 
lunation  of  Mudge’s  being  so  very  curious  a piece  of  clock-work  for 
showing  the  moon’s  age,  we  shall  give  an  account  of  it,  taking  the 
description  from  the  publication  now  alluded  to. 

“ There  are  no  numbers,  nor  method  that  I have  seen,”  says  Mr 
Mudge,  “ by  which  the  mean  motion  of  the  moon  can  be  represented 
more  correctly  than  by  those  in  No.  2.  Plate  I.  or  a multiple  of  them, 
where  A is  a wheel  that  goes  round  in  24  hours. 

B a pinion  with  8 leaves. 

C a wheel  with  45  teeth. 

D a pinion  with  8 leaves. 

E a wheel  with  42  teeth,  which  carries  the  moon 
on  its  axis  in  29  days,  12  hours,  and  45  minutes.  But,  as  from 
these  numbers  there  is  an  error  of  57  seconds  in  one  revolution  of  the 
moon,  I propose  to  correct  that  error  by  the  method  in  the  scheme 
represented  in  Plate  I.  No.  3 and  4.  the  latter  of  which  is  a la- 
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teral  view  of  the  former,  and  in  both,  the  same  parts  are  represented 
by  the  same  letters.  F,  No.  4.  is  a stud  fixed  in  the  plate,  at  the 
bottom  of  which  is  fixed  the  pinion  8 immovably.  The  wheel  A moves 
freely  round  on  the  stud  F,  once  in  24  hours.  On  the  wheel  A moves 
the  wheel  b , and  is  carried  along  with  the  wheel  A,  round  the  stud 
F.  The  teeth  of  the  wheel  b run  in  the  pinion  a,  on  the  axis  of 
which  there  is  an  endless  screw  c,  that  runs  in  the  teeth  of  the  wheel 

d , which  wheel  is  also  fixed  to  the  wheel  A,  to  the  plane  of  which  its 
axis  is  parallel.  On  the  axis  of  the  wheel  d is  another  endless  screw 

e , which  runs  into  the  wheel  f:  This  wheel  is  also  fixed  to  the  wheel 
A,  and  its  axis  goes  through  it,  and  has  on  the  upper  side  of  it  a 
pinion  of  3 leaves,  or  pins  y,  which  runs  in  the  wheel  h,  which  wheel 
h moves  round  the  same  stud  that  the  wheel  A does,  and  has  fixed 
to  it  the  pinion  B.  The  pinion  B in  No.  2.  is  fixed  to  the  wheel 
A that  goes  round  once  in  24  hours.  The  pinion  B in  Nos.  3.  and 
4,  is  fixed  to  the  wheel  and  has  a relative  motion  to  the  wheel  A 

1 - JL  of  a revolution,  in  the  space  of  29  days,  12  hours,  45  minutes, 

which  is  equal  to  57  seconds,  the  error  that  was  to  be  removed. 

“ The  other  wheels  that  are  moved  by  the  pinion  B are  the  same  as 
in  No.  2.  The  numbers  for  effecting  the  motion  of  the  pinion  B on 
the  wheel  A,  are  as  follows  : — 


Pinion  a - - - 

19 

Wheel  b - - - 

45 

Endless  screw  c - 

1 

Wheel  d - - - 

21 

Endless  screw  e - 

1 

Wheel/  - - - 

45 

Pinion  g - - - 

3 

Wheel  h - - - 

60 

60  on  which  is  fixed  the  pinion  B. 


The  mean  motion  of  the  moon  from  this  contrivance  will  be  exceed- 
ingly near  the  truth,  as  one  revolution  will  be  completed  in  29  days, 
12  hours,  44  minutes,  3 seconds.”* 

All  this  correcting  work  hangs  on  the  24  hour  wheel  A,  and  is 
carried  round  with  it ; both  the  endless  screws  are  right  handed. 

In  1321912  days,  the  correcting  wheels  cause  the  lunation  wheel 
to  turn  once  more  round  than  it  would  do  without  them ; then,  as 
1321912  is  to  29.53  days,  the  time  of  one  lunation,  so  is  2551443, 

* The  MS.  note  of  Ferguson’s,  in  possession  of  the  Editor  of  Mudge’s  Lunation  Work, 
is  what  we  gave  him  many  years  before  the  above  work  was  given  to  the  public. 
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the  number  of  seconds  in  a lunation,  to  56.996,  which  may  be  reckoned 
57  seconds,  as  it  is  within  the  hundredth  part  of  a second. 

The  product  of  all  the  pinions  and  screws  multiplied  into  one 
another  is  3648,  and  the  product  of  the  wheels  multiplied  into  one 

,x  • /foooooererAAA  j 48223355000 

another  is  48223355000,  and -777-- =1321912. 

3648 

Finding  that  a mean  lunation  could  be  given  by  three  pinions, 
and  three  wheels  simply,  as  given  by  Camus,  we  sent  them  to  Count 
Bruhl,  to  show  how  it  differed  from  Mudge’s,  and  seeing  it  could  be 
easier  made.  His  Excellency  had  some  doubt  as  to  the  correctness  of 
Camus’s  numbers,  and  was  not  satisfied  till  he  got  the  calculation  made 
out  by  another.  He  appears,  either  on  this  or  a former  occasion,  to 
have  made  application  to  Mr  Mudge  himself  on  the  subject,  if  we 
may  judge  by  a letter  of  Mr  Mudge’s  to  him,  of  which  the  following 
is  an  extract : 

u But  totally  had  forgot  the  process  you  wished  to  be  in- 
formed of,  and  find  I cannot  so  easily  recover  any  particular  train  of 
thinking  as  I could  formerly  ; and,  indeed,  I almost  despair  of  find- 

4 

ing  the  meaning  of  the  fraction  However,  after  having  gone 

I oZZOU 

over  the  same  ground  I did,  when  I first  contrived  this  approxima- 
tion, I think  I have  perfectly  recovered  it,  and  will  explain  it  in  the 
best  manner  I can,  though  I fear,  not  so  intelligibly  as  I could  wish. 
The  first  mover  is  a wheel  that  goes  once  round  in  24  hours,  on  which 
is  supposed  to  be  fixed  a pinion  of  8,  which  runs  in  a wheel  of  45 
teeth,  to  which  is  fixed  a pinion  of  8 or  4,  which  runs  into  a wheel  of 
42  or  21,  which  wheel  will  go  round  once  in  29  days,  12  hours,  45 
minutes,  or  29^  days  : this  is  the  imperfect  lunation,  but  the  most 
perfect  that  can  be  produced  by  simple  numbers.  In  order  to  ap- 
proximate it  still  nearer  to  the  truth,  I considered,  that  if  instead  of 
fixing  the  pinion  to  the  wheel,  which  goes  once  round  in  24  hours,  it 
was  made  to  move  round  the  wheel  very  slowly  the  same  way  that  the 
wheel  moved,  it  would  accelerate  all  the  wheels  in  the  train  that  was 
moved  by  the  pinion  ; and  the  time  in  which  it  is  to  make  one  com- 
plete revolution  on  the  wheel,  (which  is  equal  to  24  hours)  is  found 
by  dividing  the  seconds  that  are  in  24  hours,  by  the  error  of  the  im- 
perfect lunation,  viz.  86400-^57=1 515^1,  or  86400-i-56=1542f,  in 
which  number  of  lunations,  the  error  of  57  or  56  seconds  will  amount 
to  24  hours.  If  then  you  divide  1515-ff  into  two  quotients,  as  sup- 
pose 1515-^90=1 6if,  these  two  quotients  multiplied  by  the  two  quo- 
tients that  produce  the  imperfect  lunation,  viz.  5f,  and  5-},  (or  if  re- 
duced to  one  quotient  29-^-)  will  give  the  number  of  days,  or  revolu- 
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tions  the  first  wheel  must  make,  to  increase  the  error,  57  seconds  to 
one  complete  day,  in  which  time  the  pinions  move  once  round  on  the 
wheel : The  approximating  numbers  then,  in  the  first  supposition, 

will  stand  thus:  8 pinion,  wheel  15,  8 — 42,  1 — 90,  19 — 320;  these 
reduced  to  their  lowest  denominations,  the  ratio  of  the  pinions  to  the 
wheels  remaining  the  same,  will  be  1 — 45,  and  1 — 21,  1 — 45, 
19 — 20;  all  the  pinions  or  endless  screws  (which  is  the  same  thing) 
multiplied  by  each  other,  will  produce  19,  and  all  the  wheels  multi- 
plied also  by  one  another,  will  produce  850500,  and  the  denominator, 
divided  by  the  numerator,  will  give  the  number  of  days,  in  which  57 
seconds  in  one  lunation  will  amount  to  24  hours,  the  time  employed 
by  one  revolution  of  the  first  wheel.  I shall  only  just  add  the  num- 
bers necessary  to  correct  the  error  of  56  seconds,  leaving  the  process 
to  your  Excellency.” 

Pinion  4,  wheel  45,  1 — 15,  1 — 45,  1 — 6. 

19)850500(=44763^-  for  57  seconds. 

4)122250(-30562i  for  56  seconds.” 


TABLE  I. 


The  Periodical  Revolutions  of  the  Planets , or  of  their  return  to  the  Equinox, 
taken  from  Lalande's  Astronomy , Edition  1792. 


Mercury 

_ 

_ 

_ 

Days 

87 

h. 

23 

m. 

14 

8. 

32.7 

V enus 

- 

- 

- 

224 

16 

41 

27.7 

The  Earth 

- 

- 

- 

365 

5 

48 

48. 

Mars 

- 

- 

686 

22 

18 

27.4 

J upiter  - 

- 

- 

- 

4330 

14 

39 

2.3 

Saturn 

- 

- 

- 

- 10746 

19 

16 

15.5 

The  Georgium  Sidus  is  purposely  omitted,  being  taken  from  Lalande. 


Periodical  revolution  of  the  Moon 
Synodical  revolution  of  do. 


Days  h.  m.  s. 

27  7 43  4.6795 

29  12  44  2.8283 
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Synodical  Revolutions  of  the  Satellites  of  Jupiter. 


1st 

2d 

3d 

4th 


Synodical  Revolution  of  J 


Days  h.  m.  s. 

1 18  28  36 
3 13  17  54 

7 3 59  36 

16  18  5 7 

Days  h.  m. 

ipiter  398  19  12 


s. 

54.15. 


TABLE  II. 


Wheel  Work  employed  hy  A.  Janvier  in  his  Sphere  Mouvante , and  cal- 
culated by  him  to  imitate  the  periodical  revolutions  of  the  Planets. 


Mercury. 


Days 


Pinions 

10 

43 

53) 

Wheels 

80 

140 

179  j “ 

Venus. 

Pinions 

7 

17 

37) 

Wheels 

62 

81 

197)  ~ 

The  Eart) 

Pinions 

7 

13 

23  \ 

Wheels 

52 

61 

241  J “ 

Mars. 

Pinions 

6 

6 

71)  _ 

Wheels 

89 

137 

144  j - 

Jupiter. 

Pinions 

6 

6 6 

41  \ 

Wheels 

57 

72  89 

105  j “ 

87 


224 


365 


686 


4330 


h. 

23 


16 


5 


22 


14 


m.  s.  tli. 

14  30  22 


41  25 


48  49^V 


18  35 


38  2 
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Saturn. 

Days  h.  m.  s. 

Pinions  4 6 8 o7 ) to  ia  qk 

Wheels  82  92  92  110 1 “ 10746  19  14  85 

The  wheel  of  the  clock  which  acts  as  a mover  to  these  wheels  and 
pinions  makes  a revolution  in  24  hours  = 86400  seconds. 


TABLE  III. 

Wheel  Work  serving  to  imitate  the  synodical  revolutions  of  the  Satellites 
of  Jupiter,  ( conducted  by  a wheel  whose  revolution  is  made  in  24  hours 
— 86400  seconds.) 


Days  h.  m.  s.  th. 


First  Satellite  j 

f Pinions 
[ Wheels 

3 

4 

31 

76 

181 1 
98  J 

f=  1 

18 

28 

35 

37 

Second  Satellite  -j 

f Pinions 
[ Wheels 

6 

11 

6 

13 

19] 
17  J 

\ = 3 

13 

17  53 

41 

Third  Satellite  j 

\ Pinions 
[ Wheels 

19 

63 

311 
67  j 

(=  7 

3 

59 

35 

33.1 

Fourth  Satellite  J 

i 

f Pinions 
[ Wheels 

4 

61 

71 1 - 16 
78 J ~ 10 

18 

5 

4 

13 

Synodical  revolution  of  Jupiter  from  a mover  of  7 days. 


Pinions 

Wheels 


6 61  \ 
132  158  J 


=398  19  12  54 


TABLE  IV. 

Wheel  Work  employed  to  produce  the  different  motions  and  revolutions  of 

the  Moon. 


Days  h.  m.  s.  th. 

Periodical  revolution  ( Pinions  3 20  19  ) — 917  rr  .q  a on 

from  a mover  of  24  hours  Wheels  23  37  61  j * 4 

Synodical  Revolution  j Wheels  58  65  137  } = 29  12  44  2 
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Wheel  work  for  the  revo- 
lution of  the  apogee  of  the 
moon,  mover  of  24  hours 

Days  h.  m. 
Mover  of  27  7 43 


Revolution  of  the  nodes 
by  a wheel  N = 


Pinions  6 8 10 

Wheels  69  127  177 


( Pinions  10  13  31 
(Wheels  57  74  113 

( Pinions  25  59 

( Wheels  106  259 


} 

} 

} 


Days 

= 3231 


= 3231 


= 6798 


h.  m. 

8 33 

8 44 
5 


Wheel  work  calculated  (as  the  'preceding  was)  by  A.  Janvier,  to  obtain 
an  annual  revolution  of  the  Earth,  exactly  conformable  to  that  of  the 
present  Astronomical  Tables. 


Days 

Pinions  10  12  15  ) _ 
Wheels  47  52  269  j “ ^ 


h. 

5 


m. 

48 


48 


TABLE  V. 

A set  of  Numbers  for  Wheels  and  Pinions,  as  given  by  Dr  Pearson,  to 
produce  the  time  of  the  Revolutions  of  Jupiter's  Satellites,  from  a 
mover  of  24  hours. 


Sat. 

Wheels  and  Pinions. 

Periods. 

Errors  in  24  Hours. 

1st. 

of  24  hours. 
69 

Days. 

1 

h. 

18 

m.  s. 

27  41 

— 

m.  s. 

0 30.7 

2d. 

^ of  ditto. 
96 

3 

13 

20 

0 

+ 

0 36.9 

3d. 

129  ofdltt0' 

7 

4 

0 

0 

+ 

0 3.4 

4th. 

134  0fdltt0- 

16 

18 

0 

0 

— 

0 18.0 

The  seconds  in  a day  are  86400,  and  86400x69-^-39  = 152861.54 
seconds  = 1 day,  18  hours,  27  minutes,  41  §£  seconds. 
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The  folioicing  are  the  numbers  which  hare  already  been  given  of  Janvier  s , 
only  differently  arranged. 


Sat. 

Trains. 

1st. 

1 

4 76  181  , 

— X— X - --  - of  24  hours. 

O ul  Jo 

2d. 

11  13  19 

3d. 

63  67  , 

19  X 3i  ditto. 

4th. 

61  78  c r+* 

— X^T  of  ditto. 
4 1 1 

Periods  Produced. 


Days.  h.  m.  s.  th. 

1 18  28  35  37 


3 13  17  53  41 
7 3 59  35  33 
16  18  5 4 13 


A Table  of  the  numbers  of  the  wheels  and  'pinions  to  give  the  revolutions 
of  Jupiter's  Satellites , as  calculated  by  Dr  Pearson , the  Qth  April , 
180 5,  from  a mover  of  seven  days. 


The  periods  produced  by  the  numbers  in  the  above  Table  approach 
so  nearly  to  those  given  as  the  result  of  a great  many  observations, 
that  they  may  be  depended  upon  as  the  nearest  approximation  to  truth. 

Let  the  train  for  the  first  satellite  in  the  last  table  be  taken  as  an 
example,  where  the  pinions  are  49  and  25,  and  the  wheels  57  and 
85.  The  wheels  57  and  85,  multiplied  into  one  another,  give  for 
product  4845,  and  the  product  of  the  pinions,  multiplied  together,  is 
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1225,  by  which  they  become  the  fraction 


1225 

4845 


of  seven  days. 


Mul- 


tiply then  the  numerator  1225  by  7,  the  days,  divide  the  product  by 
the  denominator  4845,  the  quotient  will  be  1 day;  the  remainder, 
multiplied  by  24,  the  hours  in  a day,  this  product,  divided  again  by 
4845,  the  quotient,  will  be  18  hours.  Multiply  the  next  remainder 
by  60,  for  minutes,  and  divide  the  product  by  the  former  divisor,  and 
the  quotient  will  be  28  minutes,  the  last  remainder  being  multiplied 
by  60,  for  seconds,  and  this,  divided  as  before,  will  be  36.4086  se- 
conds. The  first  wheel  making  only  one  revolution  in  seven  days, 
makes  it  necessary  to  multiply  the  numerator  by  seven. 

We  shall  conclude  this  chapter  by  taking  the  liberty  of  giving  Dr 
Pearson’s  valuable  process  for  obtaining  numbers  to  give  the  revolu- 
tion of  the  Georgian. 

Dr  Pearson  says,  “We  come  lastly  to  the  tropical  revolution  of 
the  Georgian  planet,  which  we  have  seen  revolves  through  the  eclip- 
tic in  30589.35208  days,  and  its  numbers  may  be  ascertained  by  the 
following  process: 


Divisors. 

Dividends. 

Quotients. 

Formulae. 

Ratios. 

- 

0 

1 

1 

0 

365.2422 

30589.35208 

2921937777 

83 

83x1  + 0 

83 

83x0+1 

1 

136997431 

109572666 

27424764 

36524222 

27424764 

1 

1x83+1 
lx  1 + 0 

84 

1 

9099457 

27424764 

27298373 

3 

3x84+83 
3x  1+  1 

335 
" 4 

126391 

9099457 

884737 

71 

71 X335+84 

23869 

i 1 

Tlx  4 + 1 

285 

252087 

126391 

125696 

126391 

125696 

1 

1x23869+335 

24204 

lx  285  + 4 

289 

694 

125696 

181 
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“ The  value  of  the  last  ratio  of  this  series  is  equal  to  83.7508650 
tropical  years,  which  differs  from  the  exact  truth  only  unity  in  the 
seventh  place  of  decimals,  but  unfortunately  it  is  not  reducible  into 


lower  numbers  than 


2017x12 
17  x 17  ’ 


and  the  numerator  of  the  next  pre- 


ceding ratio  is  a prime  number,  so  that  we  must  either  use 


335 

4 ’ 


which 


has  been  before  determined,  or  otherwise  substitute  another  quotient 
for  71.  The  most  convenient,  we  find  from  a few  trials,  will  be  66, 


which  gives  the  ratio 


22194 
265  ’ 


the  value  of  which  is  a revolution  in 


83.750943  tropical  years,  or  30589  days,  9 hours,  8 minutes,  10.7 


seconds,  and  is  capable  of  forming  the  train 


162x137,, 
5 X 53’ 


These  examples  of  all  the  primary  planets  given  at  full  length,  and 
accompanied  by  our  remarks  on  them,  will  enable  any  well  educated 
instrument-maker  to  ascertain  wheel  work  from  any  other  data,  which 
he  may  have  occasion  to  employ,  and  will  serve,  at  the  same  time,  to 
show  that  the  two  methods  of  approximating  towards  the  truth, 
where  the  original  numbers  run  too  high  for  construction  in  practice, 
supply  the  defects  of  each  other  in  particular  cases,  but  generally 
come,  by  different  results,  to  the  same  mark.” 

In  this  subject,  it  may  contribute  greatly  to  assist  the  artist  with 
the  management  of  figures,  by  giving  an  example  from  the  same  emi- 
nent master  before  quoted,  which  we  shall  also  take  the  liberty  of 
transcribing : 

“ When  a simple  motion  is  produced  by  means  of  one  wheel  and  a 
corresponding  pinion,  let  the  number  of  teeth  which  each  contains, 
be  carefully  counted  and  noted  down,  and  also  which  of  the  two  is 
the  driver ; the  numbers  of  the  wheel  and  pinion  will  constitute  a 
ratio,  which  is  a fraction  of  that  time,  proper  or  improper,  according 
as  the  driver  is  the  greater  or  smaller  number,  which  driver  must 
be  in  all  instances  the  denominator.  The  value  of  the  fraction  thus 
constituted,  it  will  be  superfluous  to  scientific  readers  to  say,  is  found 
by  multiplying  the  assumed  time  of  a revolution  of  the  first  mover 
by  the  numerator,  and  dividing  by  the  denominator,  the  remainders 
being  reduced  to  their  next  lowest  denomination  of  time,  after  every 
successful  division. 

“ An  example  will  render  this  simple  case  intelligible  by  every 
reader. 

“ Suppose  that  a wheel,  consisting  of  75  teeth,  and  revolving  once 
in  a tropical  year,  drives  a pinion  of  6 ; and  that  it  be  required  to 
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know  in  wliat  time  the  latter  revolves?  the  work  at  full  length  will 
stand  thus : 


D.  h.  m.  s. 

865.24222  = 365  5 48  48. 

6 


75)2191.45333(29  days. 
150 


691 

675 


16.45333 

24 


6581333 

32906666 


75)394.87999(5  hours. 
375 


19.87999 

60 


75)1192.79999(15  minutes. 
75 


442 

375 


67.79999 

60 


75)4067.99999(54.24  seconds. 
375 


317 

300 


17.9 

150 


299 

300 
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44  Hence  it  appears,  that  ^ths  of  365.24222  days  is  equal  to  29 
days,  5 hours,  15  minutes,  54.24  seconds.  The  computation  maybe 
sometimes  abridged,  by  converting  the  vulgar  fraction  into  a decimal, 
where  there  is  no  remainder,  and  then  multiplying  thereby  instead  of 
dividing.  Thus : 

365.24222 

.08 


75)6.  00(.08  29.2193777  days. 

600  24 


8775111 

43875555 


5.2650666  hours. 
60 


15.9040000  minutes. 
60 


54.2400000  seconds. 


“ Either  of  these  methods  may  be  used  with  a like  result. 

44  If,  instead  of  the  wheel,  we  make  the  pinion  the  driver  or  deno- 
minator of  the  fraction,  the  motion  of  the  second  mover  will  be  re- 
tarded, for  7^5ths  of  365.24222  days  is  equal  to  4565  days,  12  hours, 
40  minutes.  This  difference  in  the  two  revolutions,  when  the  parts 
of  the  fraction  are  reversed,  points  out  the  necessity  of  attending  very 
accurately  to  the  circumstance  of  the  driver  being  made  the  denomi- 
nator of  the  fraction 
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On  Wheel  Teeth , their  Shape ; the  Proportional  Sizes  of  Wheels  to  Pin- 
ions, and  of  Pinions  to  Wheels , with  the  Distances  which  their  Cen- 
tres ought  to  have , so  as  to  form  proper  Pitchings , partly  from  Ber- 
thoud's  Essai. 


OF  THE  LEVER. 

Definition. 

A B (Plate  II.  No.  6.)  is  supposed  an  inflexible  rod.  to  the  ends  of 
which  are  attached  two  bodies  P and  p without  gravity,  and  that  the 
rod  is  made  to  turn  on  a fixed  point  H,  the  body  P describing  the 
arc  A a , the  body  p will  describe  the  arc  B h ; it  is  evident  that  the 
arcs  A a,  B b,  are  in  the  proportion  of  the  distances  H A,  H B ; 
for  example,  that  is,  if  B H is  double,  triple,  &c.  of  A H,  B h will 
be  double,  triple,  &c.  of  A a ; then  the  body  p will  turn  with  a velo- 
city double,  triple,  &c.  of  that  of  the  body  P:  then  if  these  bodies 
are  equal,  to  stop  suddenly  the  body  p , would  require  a force  double, 
triple,  &c.  of  that  which  would  be  necessary  to  stop  suddenly  the 
body  P.  If  the  body  p is  triple  of  the  body  P,  it  is  evident  that 
P always  describing  A a , and  p , B h , we  might,  in  place  of  the  body 
p,  suppose  three  masses  equal  to  P,  each  impressed  with  the  velocity 
B b , and  then  the  force  required  to  stop  p , will  be  triple  of  what  it 
ought  to  have  been  in  the  preceding  case  ; but  if  the  mass  p , in  place 
of  being  triple  of  P,  is,  on  the  contrary,  only  a third,  the  force  re- 
quired to  stop  it,  must  be  three  times  less  than  in  the  same  case  pre- 
ceding, and  it  will  be  equal  to  that  which  would  stop  the  body  P,  the 
distance  H B being  triple  of  the  distance  A H ; if  the  mass  p , on 
the  other  hand,  is  the  third  of  the  mass  P,  these  masses  can  each  be 
stopped  by  the  same  force,  then  each  could  stop  the  other.  If  we 
imagine  these  two  masses  to  have  weight,  their  efforts  to  turn  being 
now  directly  opposite  and  equal,  they  will  mutually  be  in  equilibrium. 
For  a like  reason,  it  will  be  seen,  that  if  the  distance  B H is  quad- 
ruple, quintuple,  &c.  of  the  distance  A H,  and  the  mass  p,  the  fourth, 
the  fifth,  &c.  of  the  mass  P,  they  will  make  an  equilibrium,  from 
whence  is  deduced,  in  general,  this  principle.  If  two  masses  P and 
p,  attached  to  the  ends  of  an  inflexible  rod  A B,  are  such  that  the 
mass  P contains  as  many  times  the  mass  p as  the  arm  of  the  lever 
H B contains  the  arm  A H,  they  will  be  in  equilibrium. 


8 


b 
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Of  Wheels  and  Pinions. 

If  round  a point  H,  (No.  8.)  are  described  two  circles  A «,  B b, 
which  have  for  radius  the  lengths  A H,  and  H B,  as  levers, 
(H  B is  supposed  triple  of  A H,)  and  on  whose  circumferences  are 
wrapped  round  as  on  pulleys,  whose  centre  is  at  H,  two  threads 
charged  with  the  weights  P and  p ; these  weights  will  remain  in  equili- 
brium if  the  mass  p is  to  that  of  P,  as  H A is  to  H B ; and  if  it  is 
required  to  impress  on  the  weight  P,  a force  capable  of  making  it 
fall  in  a given  time  from  P to  C,  so  that  the  point  A comes  to  a , 
then  must  the  weight  p rise  to  d , and  the  point  B comes  to  h ; the 
weight  p , would  consequently  go  through  three  times  more  space  than 
the  weight  P.  From  whence  it  follows,  that  any  motion  which  should 
be  impressed  on  the  weight  P,  would  be  exactly  compensated  by  that 
which  would  result  from  it  in  the  weight  y>,  and  that  thus  these  two 
weights  cannot  fail  to  maintain  an  equilibrium,  or  restore  themselves 
to  it,  if  after  being  put  in  motion  they  are  left  at  liberty ; since  ac- 
cording to  the  supposition,  A a and  B b are  pulleys  ; and  consequently 
H A is  equal  to  H a,  and  H B is  equal  to  H b. 

It  again  follows,  that  when  two  bodies  are  in  equilibrium,  the  ve- 
locity which  they  acquire  by  any  motion  being  communicated  to  them, 
are  in  the  inverse  ratio  of  their  masses.  Now,  if  the  weighty)  is  taken 
away,  the  weight  P will  pull  the  lever  and  the  circumference  A,  and 
make  the  point  b turn  with  a force  capable  of  communicating  an  ac- 
tion of  one  pound  (the  supposed  weight  of  the  body  p)  so  in  place 
of  the  circumference  B 6,  let  us  imagine  the  radii,  or  levers  H B, 
H fr,  &c.  (No.  9.)  and  equally  distant  from  one  another,  each  of 
these  levers  will  act  with  a force  of  one  pound.  It  is  in  considering 
the  levers  under  this  point  of  view,  that  this  circumference  becomes 
a wheel,  and  each  radius,  or  lever,  will  be  a tooth ; if  we  make  a se- 
cond wheel,  or  pinion  0,  which  has  radii,  or  teeth,  equally  distant 
from  one  another,  as  those  of  the  wheel  B ; that  is  to  say,  that  the 
number  of  the  teeth  of  C,  is  to  those  of  B as  the  circumference  of 
C is  to  that  of  B,  and  that  the  pinion  is  placed  so,  that  the  teeth  of 
the  wheel  can  act  on  those  of  the  pinion,  (as  in  the  figure,)  the  teeth 
of  the  wheel  will  communicate  to  the  teeth  of  the  pinion  the  force 
which  they  have ; * so  that  if  a weight  of  one  pound  is  applied  to 

* There  is  no  account  taken  in  here,  of  the  decomposition  of  the  force  in  the  pitching 
and  the  friction  which  arises  from  it,  which  always  diminishes  a part  of  the  weight  P : it  is 
sufficient  for  the  present,  to  view  the  wheels  as  if  they  were  without  weight,  and  without 
friction,  as  was  done  with  the  simple  lever,  supposed  to  be  without  gravity.  In  the  sequel 
will  be  seen,  what  the  curve  ought  to  be,  which  terminates  the  teeth  of  wheels  and  leaves 
of  pinions. 

F 2 


84 


LEVERS  OF  WHEELS  AND  PINIONS. 


the  circumference,  it  will  be  in  equilibrium  with  that  of  P,  nothing 
having  been  done  to  change  the  equilibrium  which  formerly  existed ; 
and  if  the  wheel  and  pinion  are  made  to  move,  the  circumfer- 
ence of  the  pinion  will  describe  the  same  space  as  that  of  the 
wheel,  since  each  of  its  teeth  are  equally  distant  among  themselves 
as  those  of  the  wheel ; and  the  number  of  the  revolutions  of  the 
pinion,  will  be  to  those  of  the  wheel,  as  the  circumference  of  the 
pinion  is  to  that  of  the  wheel ; but  the  circumferences  of  circles 
being  to  one  another  as  their  diameters,  or  radii,  the  number  of  the 
revolutions  of  the  pinion  0,  will  be  to  that  of  the  wheel  B,  as  C d is 
toBH. 

Having  seen  that  a wheel  which  drives  a pinion,  communicates  to 
the  circumference  of  the  pinion  the  same  force  which  it  has  ; let  there 
then  be  a wheel  and  a pinion,  that  we  have  supposed  to  have  the  force 
of  one  pound  at  their  circumferences ; if  to  the  centre  0 of  this  pin- 
ion, is  fixed  a wheel  D,  three  times  larger  than  the  pinion,  it  will  de 
scribe  three  times  more  space,  and  will  have  three  times  more  velo 
city  than  the  pinion ; to  make  equilibrium  with  the  weight  P,  there 
must  be  applied  at  the  point  D of  the  wheel,  a weight  only  three  times 
lighter  than  />,  and  consequently  nine  times  lighter  than  P.  The 
point  D goes  then  nine  times  quicker,  and  describes  a space  nine  times 
greater  than  the  point  A.  Let  us  now  proceed  to  the  way  of  finding 
this  force,  in  wheel  work  composed  of  several  wheels,  and  in  a gen- 
eral way. 


Remarks. 

It  has  just  now  been  shown,  that  the  diameters,  or  the  circumfer- 
ences of  a wheel,  and  of  a pinion  pitched  into  this  wheel  being  given, 
the  number  of  the  revolutions  of  the  pinion  for  one  of  the  wheel,  is 
determined  by  that  which  expresses  how  many  times  the  diameter  of 
the  pinion  is  contained  in  that  of  the  wheel.  That  being  done,  the 
number  of  the  teeth  of  one  of  these  two,  that  is,  either  of  the  wheel, 
or  of  the  pinion,  is  arbitrary ; and  we  can  at  pleasure  give  to  a wheel 
100,  200,  &c.  teeth,  or  any  other  number  whatever;  but  then,  the 
number  of  the  teeth  of  the  pinion  must  be  contained  in  the  number 
of  the  teeth  of  the  wheel,  as  many  times  as  the  circumference  of  the 
wheel  contains  that  of  the  pinion  ; for  example,  on  a pinion  which  is 
ten  times  smaller  than  the  wheel  which  drives  it,  may  be  put  indif- 
ferently six,  eight,  ten,  twelve,  fifteen,  twenty  teeth,  &c.,  provided 
that  the  wheel  has  always  ten  times  as  many  ; from  which  it  follows, 
that  a wheel  and  its  diameter  being  given,  as  also  the  number  of  the 
turns  of  the  pinion  which  it  conducts,  the  diameter  of  the  pinion  is 
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determined.  The  following  proposition  will  serve  to  show,  how  the 
force  transmitted  (by  any  power  or  weight  applied ) to  the  last  wheel 
of  any  wheel-work  ought  to  be  calculated. 

Proposition. 

The  space  described  by  D (No.  9.)  is  to  the  space  described  by 
B,  as  the  length  C D is  to  C d ; which  is  a consequence  of  what 
has  been  shown,  that  the  space  described  by  the  pinion  0 is  the  same 
as  that  of  the  wheel  B ; and  if  D C = B H,  the  space  described  by 
D will  be  to  the  space  described  by  B,  as  0 d is  to  B H,  and  the 
number  of  the  revolutions  of  the  pinion  0,  is  to  that  of  the  wheel  B, 
as  0 d is  to  B H : So  in  order  that  the  velocity  of  D may  be  to  the 
velocity  of  B,  as  the  number  of  the  revolutions  of  the  pinion  C,  is 
to  that  of  B,  the  wheel  D must  have  the  same  diameter  as  the  wheel 
B,  to  which  the  weight  is  applied  ; and  in  this  case,  the  force  trans- 
mitted to  the  wheel  D by  the  weight  p , is  to  the  weight  as  the 
number  of  the  revolutions  of  the  pinion  0 is  to  that  of  the  wheel  B. 

We  have  seen  that  when  two  bodies  are  in  equilibrium,  their  ve- 
locities must  be  in  the  inverse  ratio  of  their  masses  : now,  when  it  is 
wanted  to  have  the  velocity  of  any  wheel  whatever,  in  an  assemblage 
of  wheels,  we  must  not  only  compare  its  revolutions  with  the  wheel 
where  the  weight  is  applied,  but  must  compare  the  diameters  of  both 
wheels  : For  it  is  plain,  that  if  the  wheel  D is  supposed  greater  than 
B,  the  space  described  by  D will  no  longer  be  in  the  proportion  of 
the  revolution  of  the  pinion  C,  and  consequently  there  will  no  longer 
be  an  equilibrium,  the  gravity  of  the  weight  q will  be  too  much,  and 
will  not  be  to  that  of  p , as  the  number  of  the  revolutions  of  the  pin- 
ion C is  to  that  of  the  wheel ; and,  on  the  contrary,  if  the  wheel  D 
is  smaller  than  B,  the  weight  q will  be  too  little  to  make  equilibrium 
with  p ; for  the  space  described  by  D will  no  longer  be  to  the  space 
described  by  B,  as  the  number  of  the  revolutions  of  0 is  to  B. 

It  will  in  like  manner  be  shown,  that  whatever  be  the  number  of 
wheels  and  pinions,  to  find  the  force  transmitted  to  the  last  wheel,  the 
revolutions  must  not  only  be  compared,  but  also  the  diameters  of  the 
first  and  last  wheels,  in  order  to  know  the  spaces  described,  seeing  the 
revolutions  do  not  suffice  to  give  the  velocity. 

We  shall  then  draw  from  this,  a rule,  to  find  the  force  transmitted 
to  the  circumference  of  a wheel,  and  shall  suppose  the  last  wheel  of 
the  same  diameter  as  the  first ; we  then  will  make  the  proportion : 
The  weight  P,  applied  to  the  circumference  of  the  first  wheel,  is  to 
the  weight  p , which  must  be  applied  to  the  circumference  of  the  last 
wheel  to  make  equilibrium,  as  the  number  of  revolutions  of  this  last 
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wheel  in  a given  time,  is  to  the  number  of  revolutions  of  the  first  in 
the  same  time.  The  weight  p being  found,  that,  required  to  make 
equilibrium  will  easily  be  deduced,  when  the  last  wheel  shall  be 
either  of  a greater  or  smaller  diameter  than  that  of  the  first,  because, 
if  the  last  wheel  of  a wheel- work  was  five  times  smaller  than  the  first, 
it  would  describe  five  times  less  space  than  if  it  had  been  of  an  equal 
diameter,  and  consequently  the  weight  required  must  be  five  times 
heavier. 


Remarks. 

We  have  supposed,  that  the  weight  P was  applied  to  the  circum- 
ference of  the  first  wheel ; but  it  frequently  happens,  that  it  acts  only 
on  the  circumference  of  a cylinder  concentric  with  the  first  wheel,  and 
smaller ; then  it  is  seen  that  the  weight  or  force  applied  to  the  cir- 
cumference of  the  cylinder,  is  to  the  force  communicated  to  the  cir- 
cumference of  the  wheel,  as  the  diameter  of  the  wheel  is  to  the  di- 
ameter of  the  cylinder ; that  is  to  say,  if  the  diameter  of  the  cy- 
linder is  only  half  of  that  of  the  wheel,  the  force  transmitted  to  the 
circumference  of  the  wheel  B,  will  only  be  the  half  of  that  of  the 
weight  P,  and  so  of  others. 

Let  this  principle  be  now  applied  to  find  the  force  transmitted  to 
the  last  wheel  E,  of  an  assemblage  of  wheels  for  a clock  movement, 
giving  seconds,  which  is  represented  in  No.  7.  And  first,  to  calcu- 
late the  number  of  the  revolutions  of  the  pinion  d , which  carries  the 
wheel  E,  for  one  of  the  wheel  A. 

The  wheel  A of  84  teeth,  pitches  with  the  pinion  a of  twelve 
leaves,  which  makes  7 turns  for  one  of  the  wheel  A. 

The  wheel  B of  80  teeth,  pitches  with  the  pinion  b of  10,  which 
makes  8 turns  for  one  of  B,  and  7 multiplied  by  8,  gives  56,  the 
number  of  turns  made  by  the  pinion  b of  10  for  one  of  the  wheel  A. 

The  wheel  0 of  80,  pitches  with  the  pinion  c of  10,  making  8 
turns  for  one  of  the  wheel  0,  and  56  multiplied  by  8,  gives  448  turns 
to  the  pinion  c for  one  of  the  wheel  A. 

The  wheel  D of  75,  pitches  with  the  pinion  d of  10,  making  74 
turns  for  one  of  the  wheel  D,  and  448,  multiplied  by  7.5,  gives  3360 
turns  to  the  pinion  d for  one  of  the  wheel  A. 

The  pinion  d , and  the  wheel  E which  it  carries,  make  3360  turns 
in  the  time  that  the  wheel  A makes  one,  which  is  easily  seen  ; for 
the  wheel  B makes  7 turns  for  one  of  the  wheel  A,  and  the  pinion  b 
makes  8 turns  for  one  of  the  wheel  B ; this  pinion  5,  as  well  as  the 
wheel  C which  it  carries,  make  then  56  turns  in  the  time  that  the 
wheel  A makes  one,  since  7 of  the  wheel  B,  multiplied  by  8 of 
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the  pinion  b,  make  56  ; moreover,  the  pinion  c makes  8 turns  for  one 
of  the  pinion  b and  of  the  wheel  C ; so,  multiplying  the  56  turns  of 
the  wheel  C by  the  8 turns  of  the  pinion  c,  will  give  448  turns  of 
the  pinion  c and  of  the  wheel  D,  during  one  of  the  wheel  A ; and, 
at  each  turn  of  the  wheel  D,  the  pinion  d makes  7 turns  and  a half ; 
and  448  turns  of  the  wheel  D must  be  multiplied  by  7^,  the  turns 
which  it  gives  to  the  pinion  d,  and  we  shall  have  3360,  the  number 
of  turns  of  the  pinion  d , (and  of  the  wheel  E which  it  carries)  for 
one  of  the  first  wheel. 

If  it  is  wanted  to  know  the  time  which  the  first  wheel  takes  to  make 
one  turn,  this  will  depend  on  that  which  the  last  wheel  E takes  to 
make  one  revolution ; for  the  wheel  A will  always  be  3360  times 
longer  in  making  one  turn  than  the  wheel  E,  since  this  last  makes 
3360  times  more  turns  ; if  then,  the  wheel  E is  supposed  to  make 
one  turn  in  a minute,  the  wheel  A will  make  one  in  3360  minutes.  To 
know  how  many  hours  this  makes,  we  must  divide  it  by  60,  (the 
number  of  minutes  in  an  hour,)  and  we  find  56  hours  for  the  quotient, 
which  is  2 days  and  8 hours  to  make  one  revolution. 

To  find  how  much  force  the  weight  P will  transmit  to  the  circurn- 

© 

ference  of  the  wheel  E,  let  it  be  supposed  to  weigh  12  pounds,  and 
that  the  diameter  of  the  cylinder  F is  to  that  of  the  wheel  A as  8 is 
to  12,  or  2 to  3.  In  this  supposition,  the  weight  will  act  at  the  cir- 
cumference of  the  wheel  A with  8 pounds,  which  make  128  ounces 
=1024  gross,  or  73728  grains.  Make  then  the  following  proportion  : 
The  force  which  is  exerted  at  the  circumference  of  the  wheel  A,  is  to 
the  force  which  it  communicates  to  the  wheel  E,  (call  this  force  x,) 
supposed  of  the  same  diameter,  as  the  number  of  the  revolutions  of 
the  wheel  E,  is  to  the  number  of  the  revolutions  of  the  wheel  A, 
or  73728  : x : : 3360  : 1,  multiplying  the  extremes,  and  dividing  by 
the  mean  term  known,  the  value  of  x is  found  to  be  21fAff  grains, 
and  the  fraction  being  reduced,  we  have  21f-f  grains  ; this  is  then 
the  force,  which  would  be  transmitted  to  the  wheel  E,  if  it  was  of 
the  same  diameter  as  the  wheel  A : but,  in  supposing  it  three  times 
smaller,  the  weight  p which  is  applied  to  it,  describes  then  three 
times  less  space,  so  as  to  make  it  in  equilibrium  with  the  weight  P ; it 
must  be  triple  of  that  which  has  been  found  in  the  preceding  calcula- 
tion ; it  must  then  be  65f- f grains. 

We  shall  insert  what  has  been  done  in  this  way  by  a very  ingen- 
ious friend.  The  clock  was  a month  one,  having  the  same  number 
of  wheels  as  in  No.  7.  The  semi-diameter  of  the  barrel  being  .9824- 
inch,  has  one  half  of  the  power  of  the  weight  applied  to  its  circurn- 
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ference,  (the  gut  passing  below  the  pulley  of  the  weight,  and  being 
brought  up,  is  supposed  to  be  fastened  to  the  seat-board  of  the  clock,) 
the  whole  weight  being  24  lb.  = 168000  grains  ; the  quantity  acting 
on  the  circumference  of  the  barrel,  is  there  stated  at  84000  grains, 
which  at  the  extremity  of  the. great  wheel  of  1.662^  inch  semi- 
diameter, becomes  = 49642.1  grains.  This  force  being  communi- 
cated to  the  circumference  of  the  second  wheel  pinion  of  .2934  inch 
semi-diameter,  and  thence  to  the  circumference  of  the  second  wheel 
of  1.299  inch  semi-diameter,  becomes  = 11216.3  grains  ; and  in  like 
manner  this  too,  and  from  the  third  wheel  pinion  of  .182  semi-di- 
ameter, to  the  extremity  of  the  third  wheel  of  1.171  inch  semi-diameter, 
is  reduced  to  = 1743.2  grains  ; and  so  by  the  fourth  wheel  pinion 
of  .166  semi-diameter,  to  the  circumference  of  the  fourth  wheel  of 
1.006^-  inch  semi-diameter,  becomes  = 287.5  grains  ; and,  lastly, 
through  the  swing  wheel  pinion  of  .153^  semi-diameter,  to  the  cir- 
cumference of  that  wheel  which  has  .972|-  inch  in  semi-diameter,  it 
becomes  equal  to  45.4  grains  nearly.  This  seems  to  be  the  calcu- 
lated power  transmitted,  without  any  allowance  for  friction,  or  any 
other  retarding  cause ; and  say,  that  we  should  deduct  on  these  ac- 
counts about  one-third  of  the  calculated  force,  the  45.4  grains  may 
then  be  estimated  about  30  grains.  He  adopted  the  plan  of  calcu- 
lating the  force  transmitted  from  the  lengths  of  the  levers,  in  pre- 
ference to  the  mode  used  of  multiplying  the  numbers  of  the  pinions 
together,  and  with  their  product,  dividing  the  amount  of  the  wheel 
teeth,  whereby,  to  get  at  once  a divisor,  with  which  to  divide  the 
power  at  the  circumference  of  the  great  wheel.  After  having  made 
the  foregoing  calculation,  he  set  to  try  how  far  they  would  agree.  It 
was  somewhat  flattering  to  see  their  exact  similarity. 

Pinions  135.5X  166  X 182x293.5  = 1361118577. 

Wheels  972.5x1006.5x1171x1299  = 1488913400191.25. 
1488913400191.25  ^-1361118577  = 1093.9. 

Now,  if  we  divide  the  power  of  49642.1  grains,  being  that  which 
is  at  the  circumference  of  the  great  wheel,  by  the  above  quotient 
1093.9  obtained  by  dividing  the  product  of  the  numbers  of  the  wheels, 
by  the  product  of  the  numbers  of  the  pinions,  we  get  the  exact  same 
result,  as  was  got  by  treating  the  wheels  as  levers,  viz.  45.4  grains 
nearly,  for  the  power  transmitted  to  the  circumference  of  the  swing 
wheel,  which  should,  in  the  same  manner,  be  reduced  on  account  of 
friction ; so,  we  may  conclude,  the  actual  force  transmitted  will  be 
nearly  30  grains  at  the  extremity  of  the  swing  wheel  teeth. 
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Remarks. 

It  is  not  enough  to  have  calculated  the  force  transmitted  bv  the 
mover  to  the  last  wheel  of  any  wheel-work ; there  must  also  be  de- 
duction made  for  the  friction,  and  the  resistance  caused  by  the  in- 
ertia or  inactivity  of  the  wheels.  This  last  consideration  is  very  es- 
sential ; for,  previous  to,  and  even  after  the  termination  of  each  vi- 
bration of  the  pendulum,  the  wheels  have  an  instant  of  rest,*  so  that 
the  force  which  puts  them  in  motion,  is  renewed  at  every  vibration, 
and  draws  the  wheels  from  a state  of  rest.  The  friction  caused  by 
the  weight  of  the  wheels  and  their  inertia,  then,  requires  a surplus  of 
force  beyond  the  quantity  which  has  been  calculated. 

These  two  quantities,  the  force  necessary  to  overcome  the  resist- 
ance caused  by  the  inertia,  and  the  force  to  overcome  friction,  in- 
crease so  much  the  more,  as  the  wheels  are  heavy,  and  have  more  ve- 
locity. It  is  then  very  essential  to  reduce  the  wheels  to  their 
least  weight;  for  this  purpose  they  ought  to  be  made  very  small, 
which  is  possible,  particularly  with  the  last  wheels,  which  have  little 
effort  to  overcome ; and,  as  high  numbered  pinions  require  that  the 
wheels  which  drive  them  should  be  of  the  greatest  diameter,  it  is 
better,  with  the  latter  wheels,  to  use  pinions  of  six  or  eight  only, 
(in  regard  to  the  pitchings,  by  forming  good  curves  to  the  teeth , they  may 
be  made  as  perfect  as  if  the  pinions  were  of  a higher  number.)  Thus 
the  wheels  may  be  reduced  to  their  smallest  diameters,  and  conse- 
quently to  the  least  weight ; the  motive  force  will  then  become  more 
constant,  and  be  reduced  to  the  smallest  quantity.  If  it  is  required 
to  make  the  wheels  large,  they  must  have  the  greatest  numbers  pos- 
sible, without,  however,  having  weak  teeth;  and  making  them  pitch 
only  with  pinions  of  a low  number,  diminishes  their  revolutions,  or 
rather  the  spaces  in  which  the  wheels  revolve. 

Of  the  pitchings  of  Wheels  and  Pinions. 

The  perfection  of  Pitchings  is  a part  so  essential  in  machines,  par- 
ticularly in  those  which  measure  time,  such  as  clocks  and  watches, 
that  too  much  care  and  attention  cannot  be  given  to  them.  It  has 
been  thought  necessary  to  mention  here  the  effects,  which  result  in 
watches  from  bad  pitchings,  and  to  give  afterwards,  the  principles  on 
which  the  theory  of  pitching  is  founded,  and,  finally,  to  show  the  prac- 
tical means  of  making  good  pitchings. 

* This  ease  is  chiefly  with  the  dead  beat  escapement ; with  the  recoiling  one,  if  the  wheels 
have  any  rest,  it  may  he  said  to  be  momentary  indeed. 
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Inquiry  into  the  effects  which  arise  from  had  Pitchings. 

When  the  curves  of  the  teeth  are  badly  made,  the  wheel  drives 
the  pinion  with  different  degrees  of  force,  from  whence  it  happens: 
Is#,  (if  this  wheel  communicates  its  force  to  a balance,)  that  the  ba- 
lance loses  its  isochronism,  or  which  is  the  same  thing,  that  it  vi- 
brates with  different  degrees  of  velocity,  and  that  the  time  of  the  vi- 
bration changes  according  to  the  different  actions  of  the  wheel  on  the 
pinion.  2d,  That  the  force  of  the  mover  to  turn  the  pinion  ought  to 
be  greater,  than  it  would  be  requisite  if  the  wheel  made  the  pinion  to 
turn  in  an  uniform  manner : this  excess  of  motive  force,  of  itself  alone, 
tends  (independently  of  other  variations ,)  to  destroy  the  machine 
by  the  friction  which  it  causes,  and  these  at  length  produce  varia- 
tions to  the  regulator.  If  a wheel  drives  a pinion  witich  is  too  large, 
or,  which  is  the  same,  whose  teeth  or  leaves  are  more  distant  from 
one  another,  than  those  of  the  wheel,  the  force  communicated  by 
the  wheel  will  in  part  be  destroyed  by  the  leaves  of  the  pinion,  which 
butt  against  the  wheel  teeth ; this  force  so  destroyed  will  require  that 
a greater  motive  force  be  used,  to  keep  up  the  motion  of  the  machine, 
from  which  will  result  friction,  wearing,  variations,  &c. 

If  a wheel  drives  a pinion  which  is  too  small,  or  whose  teeth  or 
leaves  are  less  distant  than  those  in  the  wheel,  it  will  happen  that  a 
tooth  of  the  wheel  acting  on  a lever  or  tooth  too  short,  the  pinion 
will  turn  with  less  force,  and  more  velocity,  as  will  be  seen  after- 
wards. It  will  again  follow  from  this,  that  a part  of  the  force  of  the 
wheel  is  lost,  by  the  drop  or  fall  of  the  tooth  driving,  to  that  of  the 
next  which  it  is  to  drive ; the  pinion  will  then  turn  with  a part  only 
of  the  force  of  the  wheel : thus  the  mover  will  require  to  have  a 
greater  power,  than  it  would  have  required,  if  the  wheel  drove  the 
pinion  uniformly;  this  excess  of  force,  and  inequalities  of  the  pitch- 
ings, will  tend  to  destroy  the  machine,  and  to  make  it  vary,  &c.  as 
stated  above. 

And,  lastly , wheel-work  being  composed  of  wheels  and  pinions, 
whose  pitchings  are  bad,  in  certain  movements,  each  wheel  will  act  on 
its  pinion  with  the  greatest  advantage;  then,  the  force  transmitted  to 
the  regulator  will  be  the  greatest  possible : and  in  other  instances, 
each  wheel  acting  on  its  pinion  with  the  least  advantage,  the  force  of 
the  mover  will  be  as  it  were  almost  annihilated  : the  regulator  (pen- 
dulum, or  balance,)  will  receive  only  small  impulsions:  now,  the 
force  of  the  mover  ought  to  be  sufficient  for  the  least  favourable  case 
in  the  pitchings  ; it  is  then  too  great  in  the  most  favourable  case ; 
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from  whence  arise  the  inconveniences  which  have  been  already  re- 
marked. 

Upon  the  whole,  this  is  what  results  from  badly  made  pitchings; 
the  next  will  show  how  wheels  ought  to  act  on  their  pinions,  and  to 
determine  the  form  of  the  teeth  of  wheels,  so  as  they  shall  drive  the 
pinion  uniformly,  in  such  a way  as  to  communicate  to  it  all  the  power 
of  the  mover. 

Demonstration  of  Pitching.  Of  the  proper  curves  of  the  teeth  of  Wheels , 
and  leaves  of  Pinions , and  the  manner  of  tracing  them. 

Let  it  be  supposed  that  two  angular  levers,*  h A D and  ha  C, 
(Plate  II.  No.  10.)  movable  on  two  fixed  points  A a,  having  each  a 
constant  arm  A D,  a 0,  drawn  on  the  line  A a,  which  joins  the  points 
of  support,  and  loaded  at  their  extremities  with  the  constant  weights 
P p , and  each  a variable  arm,  A b,  a b,  so  that  their  extremities  act 
always  reciprocally  one  on  the  other  ; we  say  that  the  two  weights 
P p , which  make  equilibrium  in  the  case,  where  the  two  variable  arms 
have  their  point  of  contact  in  0,  situated  in  the  right  line  A 0,  a 0, 
will  also  be  in  equilibrium,  when  the  point  b,  where  they  butt  on  one 
another,  is  found  in  the  circumference  of  a circle,  of  which  A 0,  or 
a , 0,  will  be  the  diameter. 


Demonstration. 

Let  bn,  a perpendicular  on  b A,  ( and  which  represents  the  small 
arc  that  the  lever  b A tends  to  describe  in  an  instant , in  turning 
upon  A,)  express  the  absolute  force  which  is  exerted  at  the  extremity 
b of  the  angular  lever  b A D,  by  the  action  of  the  weight  P ; if 
we  suppose  this  force,  b n,  decomposed  into  two  others,  b m and  b i, 
one  of  which,  viz.  b m,  is  perpendicular  to  a c , and  the  direction  of 
which  passes  through  the  point  of  contact,  s , (since  the  angle  b , 
which  has  its  summit  at  the  circumference  a b s,  is  a right  one  ;)  and 
the  other,  b i,  is  directed  towards  b A : it  is  seen  that  b m expresses 
part  of  the  force  b n , which  is  employed  to  push  the  point  b of  the 
lever  a c from  b towards  o , and,  consequently,  to  turn  the  lever  a c , 


* The  simple  levers,  b A D,  b a C,  for  the  present,  shall  be  considered  only  as  such, 
in  order  not  to  make  the  matter  too  complicated,  when  it  shall  be  shown  how  they 
ought  to  drive  uniformly,  whether  that  the  great  lever  drives  the  small  one  after  the 
line  of  the  centers,  or  that  the  small  drives  the  great  after  the  line  of  centers,  or  indeed, 
whether  the  great  or  the  small  lever  drives  before  and  after  the  line  of  centers  : all  this  being 
well  established  for  simple  levers,  will  be  easily  applicable  to  wheels  and  pinions,  which 
are  in  truth  only  an  assemblage  of  levers. 
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whilst  b i expresses  that  part  of  the  force  b n , which  tends  to  push 
the  point  b towards  A,  and  which  is  destroyed  by  the  resistance  of 
the  fixed  point  A : Now,  we  say  that  b n expresses  also  the  absolute 
force,  which  is  exerted  at  the  extremity,  b,  of  the  angular  lever,  Gab, 
to  oppose  the  rotation  of  the  point  b round  the  point  a ; for,  on  ac- 
count of  the  right  lines,  D P and  b n , being  perpendicular  to  the  arms 
of  the  levers  A D,  A b,  the  weight  P is  to  the  force  bn,  as  A b is  to 
A D ; and,  in  drawing  A B perpendicular  on  b s prolonged,  the  si- 
milar triangles,  nb  m,  and  A b B,  give  bn:  b m:  : A B : A b,  then 
(in  multiplying  with  order,)  P:  b m:  : AB:  AD;  moreover,  let 
x be  called  the  absolute  force,  with  which  the  weight  p tends  to  turn 
the  point  b in  a direction  opposite  to  b o,  and  we  shall  have  p : x : : 
a b:  a c,  or,  on  account  of  the  similar  triangles  a b 0,  A B 0,  as 
A B to  A 0 ; but,  in  the  supposition  that  the  two  weights  p and  P 
can  be  in  equilibrium,  when  they  communicate  their  actions  by  the 
point  0,  we  can,  on  account  of  the  arms  of  the  equal  levers  a 0,  a 0, 
suppose  that  the  weight  p is  suspended  at  the  point  0 : so  then, 
P : p : : A O : A D ; then,  by  multiplying  in  order,  P : x : : A B : 
A D ; now  it  has  been  proved  that  P:  : AB:  AD;  then 

b m — x:  then  will  there  be  an  equilibrium,  since  the  force  b m is 
equal  to  the  force  with  which  the  point  b is  urged  to  turn  by  the 
weight  P ; it  is  likewise  shown  that  there  will  be  an  equilibrium  there, 
since  the  levers  Kb,  ab,  will  communicate  their  forces  by  another 
point  u of  the  circumference  ab  u 0. 

Corollary  I. 

If  by  the  points  0 (No.  10.  and  11.)  from  the  centres  A a of  mo- 
tion, we  describe  the  circles  B,  X,  and  suppose  that  one  of  the 
circles  acts  with  the  other,  by  a pitching  of  infinitely  small  teeth,  the 
weights  P,  p,  will  remain  in  equilibrium  ; and  if  the  circle  B>,  for 
example,  goes  uniformly,  the  circle  X will  also  move  uniformly : for, 
1st,  the  teeth  being  infinitely  small,  the  radii  A O,  a O,  by  which 
these  teeth  act,  will  be  always  of  the  same  length,  and  the  action  of 
the  weights  p and  P will  always  be  applied  in  the  same  manner,  hence 
there  will  be  always  an  equilibrium.  2d,  If  one  of  these  circles  is 
moved  with  an  uniform  force,  so  will  the  other  be  ; for  each  point  of 
one  circle  will  apply  itself  successively  to  all  the  points  of  the  other, 
so  that  the  space  described  by  a point  0,  situated  in  the  circumfe- 
rence of  one,  will  be  equal  to  that  of  0,  situated  in  the  circumference 
of  the  other ; and  this  space  being  the  same,  as  well  as  the  time  of 
motion,  the  velocities  of  the  circles  B,  X,  will  also  be  the  same,  from 
whence  follows  uniformity  of  motion. 
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The  radii  A 0,  a 0,  of  the  circles  R,  X,  which  express  the  ratio  of 
the  revolutions,  are  called  the  primitive  radii. 

Corollary  II. 

The  point  b (No.  10.)  by  which  the  lever  b A D conducts  the 
lever  b AC,  being  always  supposed  in  the  circumference  a b 0,  the 
primitive  circles  tend  to  turn  with  the  same  force  and  the  same  velo- 
city; for,  1st,  Let  F ,/  be  the  forces  with  which  in  this  case  they 
tend  to  turn  the  circumference  of  the  circle  R,  and  that  of  X,  we 
shall  have  bn:  F : : A 0 : A 6,  and  f : b m:  : ab:  a c , or  a 0; 
besides,  it  has  been  seen  above,  that  b m:  bn::  A b:  AB;  then 
f:  F : : AOxai:  «OxAB:  and  the  similar  triangles,  a b O, 
and  ABO,  give  a 0 : AO  ::  a b:  AB;  then  a 0 X A B =r  A 0 
X ab  ; then  / = F : and  the  circle  R being  moved  with  an  uniform 
motion,  the  circle  X will  also  be  moved  with  an  uniform  motion.  2d, 
Whatever  be  the  velocity  at  the  point  b of  the  lever  X)  A &,  that 
which  it  will  communicate  to  the  lever  b a C,  following  the  perpen- 
dicular b m to  the  point  of  contact,  must  be  the  same  as  that  of  the 
point  b in  the  same  direction ; and  if  we  let  fall  the  perpendicular 
n u,  the  velocity  following  b n will  be  represented  by  b n , and  the 
velocity  following  b m will  be  represented  by  b o.  Moreover,  let  V 
be  the  velocity  of  the  circumference  R of  the  wheel,  and  u that  of  the 
circumference  X of  the  pinion,  it  is  evident  that  V : bn::  A O : 
A b and  bo:  u:  : ab:  a c,  or  a 0;  besides  the  similar  triangles 
b n o,  and  A b B give  b n:  b o : : A b:  AB;  then  V : u : : A 0 X 
aJiflOxAB;  and  these  two  last  products  are  equal,  as  hath  al- 
ready been  seen ; then  u — F. 

Corollary  III. 

If  the  point  b (No.  11.)  where  the  lever  D A b acts  on  the  lever 
ab  c,  is  not  situated  in  the  circumference  of  a circle  described  on  a 0, 
or  on  A 0 ; if  it  was,  for  example,  placed  within,  as  at  y,  or  without, 
as  at  the  weights  P p will  no  longer  be  in  equilibrium  : to  prove  it, 
draw  the  line  n h perpendicular  to  the  lever  ab  c;  then,  according  to 
what  has  been  said  above,  we  have 

P : h n:  : A h : A D 
h n:hm:  : A x : A li 
p:  P : : A D : A 0 
z : p : : a 0 : a h 
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In  calling  z the  force  with  which  the  weight  p tends  to  turn  the 
point  h in  the  opposite  direction  to  x h , we  have  z:  h m : : A x x 
a O : A 0 X a h : now,  it  is  easy  to  show,  that  if  the  point  h is  not 
on  the  circle  a h O,  the  product  A x X a 0 can  never  be  equal  to  the 
product  A O X a h ; then  z can  never  ( in  the  same  supposition ,)  be 
equal  to  km;  hence  there  can  be  no  equilibrium. 

Corollary  IV. — No.  1 1 . 

Things  remaining  the  same  as  in  the  preceding  Corollary,  it  will 
be  shown,  in  a manner  analogous  to  that  which  has  been  used  in  the 
Second  Corollary,  that  the  forces  with  which  the  primitive  circum- 
ferences tend  to  move  one  another,  cannot  be  equal ; and,  as  the  ve- 
locity of  one  being  uniform,  that  of  the  other  cannot  be  so  ; then  the 
point  h , (No.  11.)  by  which  the  lever  A h pushes  the  lever  a c, 
cannot  be  at  a distance  from  A,  which  is  always  the  same,  since  there 
would  be  an  infinity  of  cases  where  this  point  would  not  be  in  the 
circumference  ah  0,  which  is,  however,  necessary  for  uniformity  of 
motion  ; then  the  figure  which  ought  to  be  given  to  the  teeth  of  a 
wheel,  to  conduct  uniformly  the  right  lined  leaf  of  a pinion,  cannot 
be  a right  line. 


Corollary  V. — Plate  II.  (A.)  Fig.  1. 

Finally,  if  the  lever  prolonged  A 0 6,  is  formed  by  a curve 
b s"  t"  N,  which  is  such,  that  when  a fixed  point,  N,  of  the  cir- 
cle R,  shall  have  described  any  space  0 N,  the  lever  a c touches 
this  curve  in  a point  h , which  is  on  the  circumference  ah  0,  and  so 
placed,  that  the  arc  0 h may  be  equal  to  the  arc  0 N ; then  this  lever 
will  conduct  the  pinion  with  an  uniform  velocity  and  force  ; for  the 
arc  0 h being  equal  to  the  arc  0 c,  as  is  easy  to  be  proved,  it  will 
also  be  equal  to  the  arc  0 N ; and,  consequently,  this  point  N,  and 
the  point  c,  will  have  described  equal  spaces  in  equal  times ; from 
whence  naturally  results  the  following  method  to  trace  the  figure  of 
the  teeth  of  wheels,  when  they  must  conduct  a pinion  whose  leaves  are 
right  lines. 


Problem  I. 

A lever,  A 0,  (Fig.  1)  acting  on  a lever  a 0,  on  the  point  0 
in  the  line  of  centres,  and  the  weights  P />,  being  in  equilibrium,  it  is 
wanted  to  trace  on  the  end  prolonged  of  the  lever  A 0,  such  a curve, 
O f r'  s'  b' : 1st,  That  it  shall  cause  the  circle  X describe  a space 
equal  to  that  of  the  primitive  circle  R : 2d,  That  at  all  the  points  of 
motion,  the  weights,  P p , remain  in  equilibrium. 
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Solution. 

With  the  points  A a of  the  centres  of  motion  of  the  levers  A O, 
a 0,  and  through  their  point  of  touching  at  0,  must  be  drawn  the 
primitive  circles  R and  X,  to  divide  the  circumference  of  the  circle 
X in  setting  out  from  the  point  O,  at  pleasure  into  any  number  of 
equal  arcs,  to  divide  likewise  the  circle  R,  in  setting  out  from  the 
point  0 into  a number  of  equal  arcs,  which  are  to  the  number  of 
those  of  the  circle  X,  as  the  radius  A 0 is  to  the  radius  a 0 ; in  this 
example,  the  radii  being  to  one  another  as  3 to  1,  and  the  circle  X 
being  divided  into  six  equal  parts,  we  divide  the  circle  R into  18  ; if 
then  these  two  circles  turn  one  another  by  simply  touching,  the  circle 
X will  make  three  turns  in  the  time  that  the  circle  R will  make  one  ; 
and  when  the  point  0 of  the  primitive  circle  X shall  have  described 
an  arc  of  60  degrees,  as  0 c,  the  point  O of  the  primitive  circle  R 
will  have  described  the  space  0 N,  or  the  arc  of  20  degrees : these 
two  quantities,  0 c,  0 N,  are  then  equal,  and  express  the  unfolding  of 
the  two  circles ; we  then  divide  each  space  0 N,  0 c,  into  the  same 
number  of  equal  parts,  as  into  5,  so  when  the  two  circles  R,  X,  turn 
one  another  round  by  simply  touching,  each  division,  1,  2,  3,  4,  and 
r,  2',  3',  4',  meet  in  0,  division  after  division.  From  the  centre  a , 
let  the  lines  a c,  a 1,  a 2,  a 3,  a 4,  be  drawn,  which  will  mark  the 
different  positions  of  the  lever  a 0,  while  it  turns  from  O toe;  and 
the  points  b , r,  s,  t,  o,  express  the  overplus  lengths  of  the  lever  A 0, 
when  it  acts  on  that  of  a O,  in  its  different  positions,  a 4,  a 3,  a 2, 
a 1 ; if  we  then  draw  through  these  points  of  intersection,  &,  r , s,  t, 
of  the  semicircle  a O,  portions  of  a circle,  b'  b , / r,  s'  s,  t’ t , &c. 
these  portions  of  a circle  will  mark  the  different  lengths,  that  the 
lever  A 0 must  have,  to  drive  that  of  a 0 uniformly,  and  we  will 
carry  these  lengths,  O b,  O r,  0 s,  0 t,  &c.  to  5"  b\  4"  r',  3"  s', 
2"  t\  1"  u\  and  describe  portions  of  circles,  b\  r\  s'  t\  which  cut 
those  of  b'  b , r'  r,  s'  s,  t’  t , &c.  If  these  intersections  are  joined  by 
small  curve  lines,  we  shall  have  the  curve,  b',  r\  s',  f,  u\  0,  which 
will  fulfil  the  conditions  required;  for  when  the  point  0 of  the  pri- 
mitive circle  R shall  have  described  the  space  O N,  the  line  5"  b 
will  fall  in  with  that  of  0 b ; thus  the  weights  P p will  be  in  equi- 
librium and  the  primitive  circle  X will  have  described  the  similar 
space  0 c.  Moreover,  when  the  point  0 shall  have  described  the 
space  0 a?,  the  line  4"  /,  will  apply  itself  on  that  of  O r , and  the 
lever  a 0 will  have  come  to  a r 1,  the  weights  will  be  in  equilibrium, 
and  the  spaces  0 1,  0 1',  of  the  primitive  circle  X,  R,  will  be  alike, 
and  so  on,  &c. 
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We  shall  determine  (Fig.  2.)  the  curve  O t s'  r V that  the  lever 
a 0 ought  to  have,  to  lead  uniformly  the  right  lined  lever  A O,  by 
making  use  of  the  same  method,  and  in  applying  the  same  reasonings, 
&c.  which  served  in  the  case  where  the  great  lever  drove  the  small 
one : we  shall  operate  on  the  great  primitive  circle  F,  as  was  done 
on  the  circle  X;  trace  on  A O a semi-circle  ABO;  divide  the  cir- 
cle X into  six  equal  parts,  for  example,  and  the  circle  F into  18 ; di- 
vide likewise  the  spaces  0 c,  O N,  into  similar  parts  1,  2,  3,  4 ; 
1 ',  2',  3',  4' ; and  draw,  as  in  the  preceding  example,  the  radii  A c , 
A 1,  A 2,  &e.  and  draw  through  the  points  of  intersection  of  the 
semi-circle  ABO,  portions  of  circles  b b\  r r,  s s'  1 t\  &c.  which 
will  serve  to  form  the  curve,  by  describing  from  the  points  5",  4", 
3",  2"  &c.  portions  of  circles  b'  r s t'  u\  which  cut  those  of  b'  b , in 
such  a manner,  that  5"  b'  is  equal  to  ob  \ 4"  r to  or;  3"  s'  to  o s, 
&c.,  and  drawing  through  these  points  a line,  we  shall  have  the  curve 
b\  /,  s\  t\  O' ; and  by  the  same  operations  its  like,  b r"  s"  t"  N ; 
by  these  means  in  all  the  points  of  motion,  the  weights  P p will  be  in 
equilibrium,  and  the  spaces  described  by  the  primitive  circles  X and 
F will  be  alike. 


Remarks. 

The  same  things  will  take  place,  whether  the  curve  0 u t s'  r'  br 
(Fig.  2.)  drives  the  lever  A 0 from  0 to  B,  or  that  the  lever  A B 
drives  the  curve  b r"  s'  t"  N,  from  B to  0 ; or  whether  (Fig.  1.) 
the  curve  Out  s'  r t>  drives  the  lever  a 0,  from  0 to  o,  or  that  the 
lever  a b c drives  the  curve  b r"  s'  t"  N,  from  c to  0 : but  although  in 
these  different  cases,  the  spaces  described  by  the  primitive  circles  are 
equal,  and  that  the  weights  P p are  always  in  equilibrium,  it  does  not 
follow  from  thence,  that  it  should  be  indifferent  to  cause  the  levers  drive 
before  or  after  the  line  of  their  centres  ;*  on  the  contrary,  it  is  always 
preferable  to  make  them  drive  after  the  line  of  the  centres , as  when 
the  curve  0 t s r'  b\  (Fig.  1.)  drives  the  lever  a 0 from  0 to  c; 
for  in  this  case,  if  the  curve  is  not  of  an  extreme  precision,  there 
will  only  follow  from  this,  inequality  of  force  and  of  motion ; on 
the  contrary,  if  the  lever  drives  the  curve  before  the  line  of  the 
centres,  there  may  result  from  this,  butting  and  friction  capable 


* The  right  line  a O A,  which  goes  from  the  centre  of  the  wheel  to  the  centre  of  the  pin- 
ion, is  called  the  line  of  the  centres : it  is  said,  the  wheel  drives  before  the  line  of  the  centres, 
when  a tooth  R (Fig.  4.)  which  advances  from  R to  N,  begins  to  act  on  the  leaf  s of  the  pin- 
ion, before  that  the  point  s has  come  into  the  right  line  a O A.  The  wheel  drives  after  the 
line  of  the  centres,  after  that  the  point  s is  come  into  the  right  line  a O A,  and  that  the  tooth 
continues  to  drive  the  leaf  in  turning  from  R to  N. 
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to  prevent  the  levers  from  turning ; the  reason  of  it  is,  that  the 
force  of  the  lever  which  drives  before  the  line  of  the  centres  is  de- 
composed, in  so  much  that  one  part  tends  to  drive,  and  the  other  is 
destroyed  by  the  centre  of  the  lever,  to  where  a part  of  the  force  is 
directed,  and  so  much  the  more  so,  that  as  in  figure  1,  the  lever 
a b c will  drive  the  curve  b r st  N in  a point  which  is  more  distant 
from  the  line  of  the  centres  of  motion.  The  line  b B expresses  the 
direction  of  the  force  which  tends  to  move,  and  b A the  direction  of 
the  force  which  is  destroyed  by  the  centre  A. 

Problem  II. 

The  number  of  the  teeth  of  a wheel  being  given,  as  well  as  that  of 
the  pinion  which  it  must  drive,  to  trace  the  curve  of  the  teeth  of  the 
wheel  and  of  the  pinion,  and  to  determine  the  driving  before  and  after 
the  line  of  the  centres  : Let  B N (Plate  II.  A.  Fig.  3.)  be  the  pri- 
mitive circle  of  the  wheel,  which  shall  have  18  teeth,  and  X that  of 
the  pinion,  which  shall  have  6 ; divide  the  circle  B into  18  parts, 
setting  out  from  the  line  of  the  centres  a 0 A,  and  the  circle  X into 
6 parts,  setting  out  from  the  same  line ; subdivide  into  several  like 
parts,  as  into  5,  for  example,  the  divisions  0 N,0  o,  of  the  wheel, 
and  of  the  pinion ; these  subdivisions  will  serve  to  form,  by  the  me- 
thod given  in  the  first  Problem,  the  curve  N v!  t'  s'  r'  d ; supposing 
then,  the  leaf,  or  tooth  of  the  pinion,  must  be  of  the  thickness  0 w, 
divide  the  arc  N 4 remaining  of  the  division  of  the  wheel,  into  two 
parts  N m,  n m,  leaving  a small  distance  between  n and  u for  the 
play  or  freedom  of  the  pitching  ; from  the  point  m , and  centre  A of 
the  wheel,  draw  the  line  A m d,  which  will  cut  the  curve,  b s t u N 
in  a point  d ; so  the  curve  d r s'  t'  u'  N will  be  that  of  the  teeth  of 
this  wheel,  and  m d , the  surplus  of  the  teeth  on  the  primitive  radius, 
and  then  n N will  be  the  arc  of  driving  after  the  line  of  the  centres, 
and  n 0,  that  which  ought  to  be  described  before  the  line  of  the 
centres. 

Now  to  construct  the  wheel  and  pinion,  we  draw  again  (Fig.  4.) 
the  primitive  radii  of  the  wheel  and  pinion  ; and  in  the  line  of  the 
centres  A a draw  the  semicircle  0 d a on  the  radius  of  the  pinion, 
then  from  the  centre  A,  (Fig.  3.)  and  top  of  the  tooth  N u' t s'  d!  n , 
take  the  distance  A d , which  carry  to  (Fig.  4.)  from  the  centre  A, 
describe  a portion  of  a circle,  which  shall  cut  the  semicircle  ad  0 in 
a point  d ; this  point  will  mark  the  top  of  the  tooth ; so  in  drawing 
from  the  centre  a of  the  primitive  circle  X,  the  radius  a d c , this 
radius  will  represent  the  flank,  or  side  of  the  leaf  of  the  pinion ; and 
setting  out  from  this  point,  divide  the  circle  X into  6 parts,  through 
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which  draw  radii  to  the  centre  a ; make  the  thickness  of  the  leaves 
of  the  size  O u (Fig.  3.)  and  the  sides  of  the  pinion  leaves  will  be 
formed. 

Finally,  to  form  the  teeth  of  the  wheel,  draw  from  the  centre  A to 
the  point  d , the  line  A m d,  and  setting  out  from  the  point  m,  divide 
the  circle  R into  18  parts,  and  draw  the  lines  A R n,  which  mark 
the  distance  of  the  teeth  ; and  on  the  sides  of  these  lines  from  the 
curves  traced  (Fig.  3.)  we  shall  have*  by  this  means  a wheel,  which 
will  make  the  pinion  turn  as  uniformly  as  if  the  circle  R carried  round 
that  of  X by  simply  touching  it.  The  curves  of  the  leaves  of  the 
pinion  are  traced  in  the  way  which  has  been  shown  before ; but  as  in 
the  proposed  example,  they  become  very  small,  having  for  length  only 
the  interval  which  is  between  the  point  r of  the  primitive  circle  X, 
and  the  point  s of  the  semicircle  A B s O,  (Fig.  4.)  in  taking  this 
greatest  length  r s of  the  pinion,  and  applying  it  (Fig.  2.)  in  such 
a way,  that  from  the  centre  a we  cut  the  curve  N,  £,  the  small  sec- 
tion v will  determine  the  length  o v of  this  curve  of  the  pinion  ; if  the 
driving  began  rather  before  the  line  of  the  centres,  we  could  deter- 
mine the  curve  of  the  pinion,  by  working  as  has  been  done  in  figure  2, 
and  applying  the  same  method  which  was  used  for  the  teeth  of  the 
wheel ; but  we  ought  to  avoid  as  far  as  possible  having  much  to  drive 
before  the  line  of  the  centres. 

To  render  a pitching  the  most  perfect  possible,  and  to  avoid  the 
inequalities  of  the  curves  of  the  teeth,  in  the  case  even  of  the  driving 
after  the  line  of  the  centres,  pinions  should  be  made  with  the  greatest 
number  of  teeth  or  leaves,  as  of  8,  10,  or  12,  &c. ; by  this  means  we 
reduce  to  the  least  quantity,  the  obstacles  which  arise  from  the 
driving  before  and  after  the  line  of  the  centres,  and  the  curves 
of  the  teeth  becoming  insensible,  there  results  the  least  inequality, 
should  they  even  be  badly  formed;  for  the  pitching  of  pinions  of  6, 
requires  care  to  have  them  well  made,  not  only  in  determining  the 
size,  which  varies , but  in  forming  the  curves  exactly,  and  to  avoid  at 
the  same  time  inequalities,  butting,  friction,  &c. 

The  example  which  has  been  given,  will  suffice  to  explain  how  we 
might  trace  the  form  of  the  teeth  of  wheels  and  pinions  for  large  work, 
and  thus  to  form  pitchings  which  will  drive  uniformly. 


* To  form  teeth  similar  to  those  of  N d n (Fig.  3.)  without  beginning  again  the 
preceding  operations,  take  from  the  centre  A to  the  top  d of  this  tooth,  and  carry  it  to 
any  line  whatever  A d (Fig.  9.)  ; describe  from  the  same  centre  A the  portions  s'  s,  t'  U 
u'  u,  N n,  which  mark  on  the  line  A d,  and  take  the  lengths  m N,  o m,  p t,  i s , and 
describe  small  portions  of  circles  which  cut  those  of  s'  s , &c.  ; and  leading  through  the 
points  of  intersection  a line  N u' t' d s t n,  we  shall  have  two  curves,  and  consequently^ 
a tooth  similar  to  that  of  N t' d n (Fig.  3.) 
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It  is  to  be  observed,  that  the  driving  before  and  after  the  line  of 
the  centres,  differs  according  to  the  number  of  the  teeth  of  the  wheels 
and  of  the  pinions ; and,  according  to  the  proportion  of  the  leaves  of 
the  pinions  to  the  number  of  the  teeth  of  the  wheel;  so  it  would  be 
proper,  that  for  each  different  number  we  made  figures  of  teeth  in 
large  size,  that  thereby  we  could  determine,  in  all  cases,  the  driving 
before  and  after  the  line  of  the  centres,  the  sizes  of  the  pinions,  and 
the  excess  of  the  teeth  of  the  wheel  beyond  the  primitive  radius  ; for 
it  is  again  necessary  to  remark,  that  the  sizes  of  pinions  of  6,  for  ex- 
ample, or  any  other,  differ,  according  as  they  make  a greater  or  less 
number  of  turns,  with  regard  to  the  wheel ; thus  a pinion  of  6 which 
is  driven  by  a wheel  of  60,  is  of  a different  size  from  the  pinion  of  6 
which  is  driven  by  a wheel  of  30,  even  when  the  wheels  should  be  of 
a size  proportioned  to  their  number  of  teeth,  and  the  driving  in  both 
cases,  not  made  equally  before  and  after  the  line  of  their  centres ; 
having  fixed  such  principles,  workmen,  in  following  them  attentively, 
will  make  good  pitchings.  See  Essai  sur  V Horologerie,  tom.  ii.  pp.  2 to 
24,  par  M.  Ferdinand  Berthoud , Horologer.  Paris  1763.  Those  who 
wish  for  more  particulars  on  this  subject,  are  referred  to  Cours  de  Ma- 
thematique , troisieme  partie.  Elemens  de  Mechanique  Statique , tom. 
ii.  par  M.  Camus , Paris  1767  ,*  or  a translation  of  that  part  of 
it,  regarding  the  Numbers  and  Forms  of  Wheel  Teeth , for  J. 
Taylor,  of  the  Architectural  Library,  59,  High  Holborn,  London , 
1806. 

M.  de  la  Hire  seems  to  have  been  the  first  who  showed  how  to 
trace  the  curve,  that  was  best  adapted  for  the  teeth  of  wheels  and 
pinions,  so  as  they  might  turn  with  an  uniform  motion.  When 
a wheel  turns  a pinion,  it  may  be  said  to  drive  it,  and  when  a pinion 
turns  a wheel,  it  may  be  said  to  be  leading  the  wheel ; the  one  being 
a quick,  the  other  a slow  motion. 

To  have  a good  or  safe  pitching,  much  depends  on  the  proper  size, 
or  diameter  of  the  pinion,  on  the  figure  of  the  wheel  teeth,  and  of  the 
pinion  leaves  : if  the  pinions  are  high  numbered,  that  is,  not  less  than 
eight  or  ten,  any  small  deviation  from  a true  figure  may  not  be  of  so 
much  consequence  as  some  have  attached  to  it.  With  such  small 
teeth  as  are  in  clocks  and  watches,  in  practice,  the  figure  of  the  teeth 
cannot  well  be  drawn,  nevertheless,  our  workmen,  and  wheel  teeth 
finishers,  make  the  nearest  approximation  they  can  to  the  shape  re- 
quired ; where  this  is  well  attained,  it  is  wonderful  how  it  prevents 
rubbing,  or  wearing  in  the  pinions.  A strong  instance  of  this  is  in 

a Regulator,  which  we  made  upwards  of  thirty  years  ago,  where 
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no  impression  whatever,  is  to  be  seen  on  the  pinion  leaves.  Much 
of  this  will  also  depend  on  the  goodness  of  the  qualities  of  the  brass 
and  steel  from  which  the  wheels  and  pinions  are  made.  Lepine,  a 
watch-maker  of  considerable  eminence  in  Paris,  had  in  some  of  his 
watches  the  wheel  teeth  and  pinion  leaves  of  a saw-teeth,  or  ratchet- 
like form,  having  a very  small  rounding  off  towards  the  point  of 
the  acting  sides  to  prevent  any  catching  taking  place ; these  kind  of 
teeth  have  a great  appearance  of  strength. 

In  the  sizing  of  pinions,  it  is  no  doubt  desirable  to  have  them  as 
large  in  diameter  as  they  can  safely  be  admitted,  and  rules  for  this 
purpose  have  been  given  by  several  artists,  which  from  longer  and 
more  experience  have  afterwards  been  given  up.  An  instance  of  this 
with  Berthoud  shall  be  given,  by  taking  his  Table  for  getting  the 
diameters,  and  comparing  it,  as  we  shall  afterwards  do,  with  the 
diameters  of  the  pinions,  in  one  of  his  first-rate  marine  time-keepers. 
The  best  method  to  determine  with  the  greatest  precision,  the  size 
of  a pinion  for  any  wheel  whatever,  (he  says)  is,  before  hardening 
and  tempering  it,  to  put  it  with  its  wheel  into  the  pitching  tool ; for 
this  purpose,  some  of  the  wheel  teeth  must  be  rounded  off,  when  it 
will  be  seen  by  its  pitching,  if  it  is  of  a right  diameter  and  figure ; 
if  it  is  too  large,  reduce  it,  till  it  comes  so  as  to  have  the  pitching 
made  to  move  in  as  uniform  a manner  as  possible;  if  it  is  too  small, 
another  must  be  made,  or  the  wheel  reduced. 

But  to  prevent  this  inconvenience,  make  use  of  the  following  me- 
thods, which  serve  to  give  the  size  as  nearly  as  may  be,  to  which  a 
clock  pinion  ought  to  be  turned  before  cutting  it.  Cut  a slip  of  paper 
whose  breadth  should  be  about  that  of  the  thickness  of  the  wheel, 
for  which  a pinion  is  required  to  be  made ; apply  this  slip  of  paper 
on  the  circumference  of  the  wheel  teeth,  supposed  cut,  but  not 
rounded  off,  and  clip  it  to  such  a length  as  to  take  over  as  many 
teeth  of  the  wheel,  and  two  more  than  the  pinion  is  to  have  leaves, 
the  length  of  the  slip  of  paper  will  be  the  measure  for  the  cir- 
cumference of  the  pinion.  If  we  have,  for  example,  a pinion  of 
16  to  make,  cut  the  slip  so  as  it  shall  lay  over  18  teeth  of  the 
wheel,  then  apply  it  round  the  pinion,  which  reduce  in  turning, 
till  such  time  as  the  two  ends  of  the  paper  slip  meet  on  lapping 
it  round.  The  pinion  being  afterwards  cut  and  rounded  up,  (but 
before  tempering  it,)  let  some  of  the  wheel  teeth  be  rounded  off,  and 
fixing  it  on  a smooth  arbor,  put  the  wheel  and  pinion  into  the  pitch- 
ing tool,  and  see  if  it  is  of  such  a diameter  as  will,  with  the  teeth  of 
the  wheel,  produce  a regular  pitching.  With  small  pinions  for  clocks, 
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and  in  those  for  watches,  slips  of  paper  cannot  readily  be  made  use  of, 
but  here  are  rules  founded,  as  well  as  the  preceding,  on  experience, 
and  agreeable  to  the  practice  of  the  best  workmen. 

When  the  teeth  of  wheels  are  cut,  and  the  diameter  of  pinions  are 
required  to  be  taken  from  them,  callipers,  or  spring  pinion  gauges,  are 
used.  If,  for  example,  it  is  required  to  make  a pinion  of  16  teeth, 
or  leaves,  give  an  extent  or  opening  to  the  callipers,  or  gauge,  so  as  to 
take  in  6 teeth  of  the  wheel,  taken  from  the  outer  flank  of  the  first 
tooth  to  the  outer  flank  of  the  sixth;  this  is  what  is  called  six  full 
teeth. 


For  a pinion  of  -< 


15,  the  callipers  must  extend  not  quite  to  the 
flank  of  the  sixth  tooth. 

14,  take  6 teeth  on  the  points,  or  middle  of  their 
tops. 

1 2,  five  full  teeth  when  it  is  for  a large  wheel  of  a 
clock,  and  when  it  is  for  a watch,  take  five  teeth 
fully  on  the  points. 

10,  four  full  teeth. 

9,  a little  less  than  four  full  teeth. 

8,  for  a clock,  four  teeth  on  the  points,  for 
watches,  take  four  teeth  on  the  points,  less  the 
fourth  of  a space  of  one  tooth. 

7,  in  a clock,  three  full  teeth,  and  a fourth  of  a 
space  of  one  tooth;  for  watches,  take  a little  less 
than  three  teeth  of  the  wheel,  when  finished  by 
forcing  the  callipers  over  them. 

6,  for  clocks,  take  three  full  teeth ; for  watches, 
a little  more  than  three  teeth  on  the  points. 

5,  three  teeth  on  the  points. 

4,  take  two  square  and  full  teeth.  When  the 
pinion  leads,  take  two  square  teeth  of  the  wheel, 
and  a half  of  a space  of  one  of  the  teeth  more : 
in  general,  all  pinions  which  lead,  ought  to  be 
somewhat  larger  than  those  which  are  driven. 


The  pitching  tool  which  Berthoud  recommends  for  trying  the 
pitching  of  a wheel  and  pinion,  is  that  which,  with  us,  is  called  the 
Geneva  pitching  tool,  and  has  been  long  known  and  used  in  this 
country.  He  has  given  a drawing  and  description  of  it  in  the  first 
volume  of  his  Essai  sur  FHorlogerie , pp.  169,  170,  171.  Where, 
after  describing  it,  he  says,  “ The  great  facility  which  this  tool  gives 
of  seeing  pitchings,  repairing  them,  carrying  them  in  a correct  state 
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to  slide  backward  and  forward  in  it.  The  rack  was  a small  slip  of 
brass,  about  three  inches  long,  and  three-tenths  of  an  inch  broad,  the 
outer  edge  of  which  was  toothed  ; from  the  inner  projected  a nose-piece, 
bearing  on  the  inner  edge  of  the  leg  of  the  sector,  and  which  served 
as  a guide  to  set  the  wheel  on,  when  taking  its  diameter  across  be- 
tween the  edges  of  the  legs  of  the  sector ; about  an  inch  from  the 
end  of  one  of  the  legs,  a pinion  of  16  or  18  leaves  was  made  to  pitch 
with  the  toothed  edge  of  the  rack,  and  fixed  to  the  under  side  of  a 
small  circular  plate  of  brass  two  inches  in  diameter ; on  the  upper 
side  were  traced  a few  concentric  circles,  the  lower  pivot  of  the  pi- 
nion turned  in  a hole  made  in  the  leg  of  the  sector,  the  upper  one 
turned  in  a cock,  which  was  screwed  to  the  leg  of  the  sector,  and 
served  to  keep  the  pinion  and  its  plate  in  their  place.  From  the 
cock  was  formed,  on  the  opposite  end  to  that  by  which  it  was  screwed 
to  the  sector  leg,  an  index  which  lay  across  the  semi-diameter  of 
the  circular  plate.  The  rack  had  two  small  cocks  which  lay  on  it, 
pressing  spring  tight,  and  which  were  screwed  on  the  leg  of  the  sec- 
tor, keeping  the  rack  steady  to  its  place  or  groove  on  the  sector  leg. 
The  spaces  on  the  plate  between  the  concentric  circles,  served  for 
pinions  of  different  numbers,  from  12  to  6 inclusively.  On  turning 
round  the  plate  in  either  direction,  the  rack  moved  backward 
and  forward,  carrying  the  nose-piece  with  it.  Taking  a wheel  of 
64,  and  a pinion  of  8,  for  example,  and  setting  them  to  their  proper 
depth  in  the  Geneva  pitching  tool,  which,  being  set  off  on  any  plane 
or  plate  of  brass,  the  steel  points  of  the  sector  pitching  tool  were 
made  to  stand  at  the  same  distance  as  those  of  the  Geneva  putting 
the  wheel  of  64  so  as  its  diameter  might  stand  across  between  the 
edges  of  the  legs,  and  bringing  the  nose-piece  to  this  place,  a small 
line  was  made  across  one  of  the  spaces  between  the  concentric  circles, 
appropriated  for  pinions  of  8,  and  wheels  of  different  numbers,  so 
that  wheels  of  64,  and  of  any  other  diameter,  could  be  set  to  their 
pitching.  And,  in  like  manner,  were  pinions  and  wheels  of  various 
numbers  and  diameters,  marked  with  their  places  on  the  plate,  hav- 
ing their  proper  depths  previously  made  by  the  Geneva  tool.  No 
tool  could  be  so  easily  and  safely  used  as  this  sector  pitching  tool, 
which  gave  such  dispatch,  as  made  it  extremely  useful  in  repairing  or 
examining  the  depth  or  pitchings  of  new  or  old  work. 

Soon  after  this  sector  pitching  tool  was  finished,  a more  im- 
proved one  from  it,  was  made  by  Mr  Pennington,  and  during  the 
making  of  it,  we  had  with  him  a great  many  trials  with  pitchings, 
so  as  to  make  it  as  complete  as  possible ; notwithstanding  the 
great  utility  which  it  possessed,  it  is  perhaps  the  only  one  of  the 
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kind  that  was  ever  made,  except  a large  one  made  many  years  ago 
for  our  clock-makers,  who,  like  the  greater  part  of  workmen,  were 
neither  anxious  to  use  it,  nor  to  acquire  a knowledge  how  to  use  it. 

The  sector  made  by  Pennington  was  purchased  from  him  by  Mr 
Auld  when  in  London,  and  the  one  for  clock-makers,  are  at  present 
in  our  possession.  Having  thought  this  sector  deserving  of  a place, 
a description  herewith  is  given,  as  taken  from  the  original  pamphlet, 
published  in  London,  1780.  For  its  figures,  see  Plate  VII. 

“ This  sector  is  composed  of  the  legs  A and  B,  and  the  joint 
C ; it  is  divided  into  100  (as  appears  by  the  figure)  on  one  side, 
and  on  the  other  side  into  150,  in  the  manner  shown  at  No.  38.  At 
the  50th  division,  and  having  its  centre  exactly  on  the  edge  of  the 
leg  A,  is  fixed  the  piece  D ; and  on  the  same  part  of  the  leg  B is 
fixed  the  socket  E,  with  the  movable  cylinder  F going  through 
it,  and  which  may  be  fastened  at  any  place  required  by  the  screw  Gr. 
No.  39.  is  another  view  of  the  socket,  &c.  the  same  letters  refer  to 
each.  H and  I (No.  37.)  are  pieces  screwed  upon  the  leg  A,  having 
their  edges  next  each  other  shelving  so  as  to  form  a dovetail  groove, 
in  which  the  pieces  K and  L slide ; the  piece  L has  a notch  through 
it  from  one  end  to  the  other  to  admit  the  piece  a,  which  goes  through 
both  it  and  the  leg  of  the  sector,  and  has  a nut  screwed  on  the  other 
side  to  fasten  it  at  any  place ; the  pieces  K and  L are  connected 
together  by  the  screw  M,  the  use  of  which  is  to  set  the  piece  K 
exactly  to  the  place  required.  On  this  piece  is  screwed  the  piece  N, 
which  lies  over  the  edge  of  the  leg  A ; it  has  likewise  on  it  a nonius 
of  10.  O is  an  arch  fixed  to  the  leg  A,  and  on  which  the  end  of 
the  leg  B moves.  P is  a piece  fitted  upon  the  arch  O,  and  movable 
upon  it,  and  which  may  be  fastened  at  any  place  by  the  piece  b 
going  through  it,  and  having  a nut  screwed  upon  it  on  the  other 
side.  The  piece  P and  the  leg  B are  connected  together  by  the 
screw  Q,  the  use  of  which  is  to  set  the  leg  B exactly  to  the  place 
required. 


THE  USE  OF  THE  SECTOR. 

I. — To  find  the  proportional  sizes  of  Wheels  arid  Pinions. 

Look  for  the  number  of  the  wheel  on  the  sector,  then  open  it  till 
the  diameter  of  the  wheel  just  reaches  from  one  leg  to  the  other  even 
with  the  number : the  diameter  of  the  pinion  will  be  even  with  the 
number  in  the  small  table  annexed,  as  near  as  I have  been  able  to 
come  at  by  a great  many  experiments. 
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1 

Pinions. 

Numbers  on  the 
Sector. 

6 

7.2 

7 

8.1 

8 

9.0 

9 

9.9 

10 

10.8 

11 

11.7 

12 

12.6 

II. — To  draw  circles  the  proportionable  sizes  of  Wheels  and  Pinions. 

The  line  drawn  from  the  centre  of  the  joint,  and  which  is  called 
the  line  of  lines,  or  equal  parts,  and  divided  into  150,  (No.  38.)  is  for 
the  convenience  of  setting  the  compasses,  to  take  the  sizes,  and  answers 
the  same  purpose  for  circles,  as  the  edges  of  the  sector  do  for  wheels 
and  pinions. 

III. — To  set  the  centres  of  circles  at  a proper  distance  from  each  other 
in  drawing  callipers. 

Having  the  numbers  of  the  wheel  and  pinion,  and  the  diameter  of 
the  wheel,  look  for  the  number  opposite  that  of  the  pinion  in  the 
small  table  annexed,  and  subtract  that  from  the  wheel. 


Pinions. 

Numbers  on  the 
Sector. 

6 

3.8 

7 

4.6 

8 

5.7 

9 

6.4 

10 

7.0 

11 

7.7 

12 

8.3 

This  table  is  constructed  by  experiments  with  wheels  and  pinions, 
as  appears  by  No.  40.  of  the  Plate  for  pinions  of  six.  The  wheel  48 
and  the  pinion  of  6 being  at  a proper  distance,  and  having  their  centres 
even  with  the  24th  division,  the  diameter  of  the  wheel  touches  the 
lines  just  3 divisions  and  8-10ths  from  the  48th  division.  The  same 
rule  will  do  for  every  other  wheel. 

For  example,  suppose  a wheel  of  48  teeth,  and  a pinion  of  6 leaves,  in 
the  table,  opposite  6,  you  find  3.8,  which  you  subtract  decimally  from 
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48  0 

48;  tlius,_|_  j.’  which  produces  44  and  2-10ths;  then  take  the  dia- 
meter of  the  wheel  in  your  compasses,  set  one  foot  on  44.2  on  one 
leg,  and  open  the  sector  till  the  other  falls  on  the  same  number  on 
the  other  leg,  the  distance  then  between  half  48  on  each  leg,  will  be 
the  distance  of  the  two  centres  for  the  wheel  to  carry  the  pinion,  as 
appears  by  No.  40.  A and  B are  the  supposed  lines,  drawn  apart 
from  the  sector,  for  the  convenience  of  having  the  wheel  and  pinion 
larger.  G,  a wheel  of  48,  and  D,  a pinion  of  6. 

IV. — To  set  Wheels  and  Pinions  the  proper  depth  in  each  other , by  only 
haring  the  Wheels  given. 

At  H (No.  37.)  are  divisions  corresponding  with  those  on  the  sec- 
tor, only  numbered  the  contrary  way,  beginning  at  the  100th;  and 
these  are  the  divisions  to  be  observed  in  this  case : By  means  of  the 
nonius  on  the  piece  K,  the  edge  of  the  piece  N may  be  set  the  10th 
part  of  one  of  the  divisions,  and  answers  the  same  purpose  as  if  every 
single  one  were  actually  divided  into  10:  so  that,  in  using  it  for  this 
purpose,  every  single  division  must  be  called  10,  the  10  a 100,  &c. 
Suppose  a wheel  of  48  teeth,  and  a pinion  of  6 leaves,  to  be  set  a 
proper  depth,  look  in  the  table  for  pinions  of  6,  and  opposite  48  you 
will  find  79.1,  which  is  79,  and  l-10th  of  the  small  imaginary  divi- 
sions before  mentioned;  so  that  you  set  the  cipher  on  the  nonius  as 
far  beyond  the  7th  division,  as  till  the  9th,  corresponds  with  one 
of  the  other  divisions,  (the  fractional  part  in  this  case  need  not  be 
taken  notice  of;)  then,  if  the  wheel  be  applied  to  the  edge  of  the 
sector,  close  to  the  piece  N,  and  the  legs  be  brought  together  until 
it  reaches  the  same  part  on  each  leg,  the  points  at  D and  F will  then 
give  the  proper  distance. 

The  method  of  constructing  the  following  tables  is  thus:  divide 
1000  (which  is  the  number  the  sector  is  supposed  to  be  divided  in- 
to) by  the  number  of  the  wheel,  and  multiply  this  product  by  the 
number  opposite  to  that  of  the  pinion  in  the  table,  and  this  will  be 
the  number  for  that  wheel.  The  sector  may  be  divided  into  any 
number  which  may  be  judged  most  convenient,  and  the  same  rule 
will  continue  to  answer  in  the  construction  of  the  tables,  or  rather 
multiply  1000  by  the  number  in  the  table,  and  divide  by  the  number 
of  the  wheel. 

Mr  Pennington  has  said,  multiply  the  product,  whereas  he  should 
have  said,  multiply  the  quotient,  by  the  number  opposite  that  of  the 
pinion  in  the  Table,  p.  8.  of  his  pamphlet.  See  Second  Table  p.  105. 
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A better  way  is  to  multiply  1000  by  the  number  in  the  table,  and 
divide  by  the  number  of  the  wheel  teeth.  For  example,  a pinion  of 
8,  and  awheel  of  96. 1000x5. 7-^96=59. 48  nearly.  The  numbers  in 
the  tables  here  were  made  according  to  the  last  rule. 


TABLE  I. 


Pinions  of  Six  Leaves. 


Number  of 
teeth  in  the 
wheel. 

Numbers 
ou  the 
Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers 
on  the 
Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers 
on  the 
Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers 
on  the 
Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers 
on  the 
Sector. 

24 

158.3 

40 

95.0 

56 

67.8 

72 

52.7  I 

96 

39.5 

25 

152.0 

41 

92.6 

57 

66.6 

73 

52.0  | 

98 

38.7 

26 

146.1 

42 

90.4 

58 

65.5 

74 

51.3 

100 

38.0 

27 

140.7 

43 

88.3 

59 

64.4 

75 

50.6 

102 

37.2 

28 

135.7 

44 

86.3 

60 

63.3 

76 

50.0 

104 

36.5 

29 

131.0 

45 

84.4 

61 

62.2 

77 

49.3  j 

106 

35.8 

30 

126.6 

46 

82.6 

62 

61.2 

78 

48.7 

108 

35.1 

31 

122.5 

47 

80.8 

63 

60.3 

79 

48.1 

no 

34.5 

32 

118.7 

48 

79.1 

64 

59.3 

80 

47.5 

112 

33.9 

33 

115.1 

49 

77.5 

65 

58.4 

82 

46.3  1 

114 

33.3 

34 

111.7 

50 

76.0 

66 

57.5 

84 

45.2  ; 

116 

32.7 

35 

108.5 

51 

74.5 

67 

56.7 

86 

44,1  j 

118 

32.2 

36 

105.5 

52 

73.0 

68 

55.8 

88 

43.1 

120 

31.6 

37 

102.7 

53 

71.7 

69 

55.0 

90 

42.2 

— 

— 

38 

100.0 

54 

70.3 

70 

54.2 

92 

41.3 

— 

— 

39 

97.4 

55 

69.0 

71 

53.6 

94 

40,4 

— 

— 

TABLE  II. 


Pinions  of  Seven  Leaves. 


Number  of 
teeth  in  the 
wheel. 

Numbers  on  j 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

28 

164.2 

41 

112.1 

54 

85.1 

67 

68.6 

80 

57.5  1 

106 

43.3 

29 

158.6 

42 

109.5 

55 

83.6 

68 

67.6 

82 

56.0 

108 

42.5 

30 

153.3 

43 

106.9 

56 

82.1 

69 

66.6 

84 

54.7 

110 

41.8 

31 

148.3 

44 

104.5 

57 

80.7 

70 

65.7 

86 

53.4 

112 

41.0 

32 

143.7 

45 

102.2 

58 

79.3 

71 

64.7 

88 

52.2 

114 

40.3 

33 

139.3 

46 

100.0 

59 

77.9 

72 

63.8 

90 

51.1 

116 

39.6 

34 

135.2 

47 

97.8 

60 

76.6 

73 

63.0 

92 

50.0 

118 

38.9 

35 

131.4 

48 

95.8 

61 

75.4 

74 

62.1 

94 

48.9 

120 

38.3 

36 

127.7 

49 

93.8 

62 

74.1 

75 

61.3  1 

96 

47.9 

122 

37.7 

37 

124.3 

50 

92.0 

63 

73.0 

76 

60.5 

98 

46.9 

124 

37.0 

38 

121.0 

51 

90.1 

64 

71.8 

77 

59.7 

100 

46.0 



39 

1 17.9  j 

52 

88.4 

65 

70.7 

78 

58.9 

102 

45.0 





40 

115.0 1 

53 

86.7 

66 

69.6 

79 

58.2 

104 

44.2 

— 

— 
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TABLE  III. 

Pinions  of  Eight  Leaves. 


Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  on  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teetli  in  the 
wheel. 

Numbers  on 
the  Sector. 



Number  of  j 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

32 

178.1 

45 

126.6 

58 

98.2 

71 

80.2 

88 

64.7 

114 

50.0 

33 

172.7 

46 

123.9 

59 

96.6 

72 

79.1 

90 

63.3 

116 

49.  1 

34 

167.6 

47 

121.2 

60 

95.0 

73 

78.0 

92 

61.9 

118 

48.3 

35 

162.8 

48 

118.7 

61 

93.4 

74 

77.0 

94 

60.6 

120 

47.5 

36 

158.3 

49 

116.3 

62 

91.9 

75 

76.0 

96 

59.3 

122 

46.7 

37 

154.0 

50 

114.0 

63 

90.4 

76 

75.0 

98 

58.1 

124 

45.9 

38 

150.0 

51 

111.7 

64 

89.0 

77 

74.0 

100 

57.0 

126 

45.2 

39 

146.1 

52 

109.6 

65 

87.6 

78 

73.0 

102 

55.8 

128 

44.5 

40 

142.5 

53 

1(17.5 

66 

86.3 

79 

72.1 

104 

54.8 

130 

43.8 

41 

139.0 

54 

105.5 

67 

85.0 

80 

71.2 

106 

53.7 

132 

43.1 

42 

135.7 

55 

103.6 

68 

83.8 

82 

69.5 

108 

52.7 

134 

42.5 

43 

132.5 

56 

101.7 

69 

82.6 

84 

67.8 

110 

51.8 

136 

41.9 

44 

129.5 

! 57 

100.0 

70 

81.4 

86 

66.2 

112 

50.8 

— 

— 

TABLE  IV. 


Pinions  of  Ten  Leaves. 


Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

.Numbers  on 
the  Sector. 

40 

175.0 

52 

134.6 

64 

109.3 

76 

92.1 

96 

72.9 

120 

58.3 

41 

170.7 

53 

132.0 

65 

107.6 

77 

90.9 

98 

71.4 

122 

57.3 

42 

166.6 

54 

129.6 

66 

106.0 

78 

89.7 

100 

70.0 

124 

56.4 

43 

162.7 

55 

127.2 

67 

104.4 

79 

88.6 

102 

68.6 

126 

55.5 

44 

159.0 

56 

125.0 

68 

102.9 

80 

87.5 

104 

67.3 

128 

54.6 

45 

155.5 

57 

122.8 

69 

101.4 

82 

85.3 

106 

66.0 

130 

53.8 

46 

152.1 

58 

120.6 

70 

100.0 

84 

83.3 

108 

64.8 

132 

53.0 

47 

148.9 

59 

118.6 

71 

98.5 

86 

81.3 

110 

63.6 

134 

52.2 

48 

145.8 

60 

116.6 

72 

97.2 

88 

79.5 

112 

62.5 

136 

51.4 

49 

142.8 

61 

114.7 

73 

95.8 

90 

77.7 

114 

61.4 





50 

140.0 

62 

112.9 

74 

94.5 

92 

76.0 

; 116 

60.3 





51 

137.2 

63 

111.1 

75 

93.3 

94 

74.4 

118 

59.3 

— 

— 

TABLE  V. 


Pinions  of  Twelve  Leaves. 


Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

Number  of 
teeth  in  the 
wheel. 

Numbers  on 
the  Sector. 

48 

172.9 

59 

140.6 

70 

118.5 

82 

101.2 

104 

79.8 

126 

65.8 

49 

169.3 

60 

138.3 

71 

116.9 

84 

98.8 

106 

78.3 

128 

64.8 

50 

166.0 

61 

136.0 

72 

115.2 

86 

96.5 

108 

76.8 

130 

63.8 

51 

162.7 

62 

133.8 

73 

113.6 

88 

94.3 

110 

75.4 

132 

62.8 

52 

159.6 

63 

131.7 

74 

112.1 

90 

92.2 

112 

74.1 

134 

61.9 

53 

156.6 

64 

129.6 

75 

110.6 

92 

90.2 

114 

72.8 

136 

61.0 

54 

153.7 

65 

127.6 

76 

109.2 

94 

88.2 

116 

71.5 

138 

60.1 

55 

150.9 

66 

125.7 

77 

107.7 

96 

86.4 

118 

70.3 

140 

59.2 

56 

148.2 

67 

123.8 

78 

106.4 

98 

84.6 

120 

69.1 

142 

58.4 

57 

145.6 

68 

122.0 

79 

105.0 

100 

83.0 

122 

68.0 

144 

57.6 

58 

143.1 

69 

120.2 

80 

103.7 

102 

81.3 

124 

66.9 

— 

— 
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Those  who  might  have  occasion  to  have  wheels  and  pinions  of  such 
numbers  as  are  not  in  these  Tables,  may  easily  by  analogy  compute 
where  to  set  the  sector,  to  give  the  pitching  for  a number  of  any  pi- 
nion and  wheel  whatever. 

The  sector  can  be  made  useful  in  another  way,  in  giving  the  sizes 
of  wheels  and  pinions,  their  pitchings,  &c. 

Supposing  the  distance  of  the  centres  of  a wheel  and  pinion  is  two 
inches,  and  eight  tenths  of  an  inch,  and  it  is  required  to  find  the  dia- 
meters of  the  wheel  and  pinion,  the  wheel  to  have  120  teeth,  and  the 
pinion  20  leaves.  To  find  the  acting  semi-diameters,  say,  as  the 
sum  of  the  wheel  and  pinion,  is  to  the  distance  of  their  centres,  so  is 
the  number  of  teeth  which  the  wheel  is  to  have,  to  its  acting  semi- 
diameter 120+20=140,  and  as  140  : 2800:  : 120  to  a fourth  term 
which  is  found  to  be  2400,  or  2.4  inches  for  the  acting  semi-dia- 
meter of  the  wheel.  To  get  the  semi-diameter  of  the  acting  part  of 
the  pinion,  say,  as  140,  the  sum  of  the  teeth  of  the  wheel  and  of  the 
pinion,  is  to  the  distance  of  their  centres,  so  is  the  number  of  the  pin- 
ion to  its  acting  semi-diameter,  which  will  be  found  to  be  400,  or  four 
tenths  of  an  inch.  The  inch  is  here  supposed  to  be  divided  into  a 
thousand,  which  is  the  reason  of  the  distance  of  the  centres  being  ex- 
pressed by  2800.  Taking  a radius  of  2400,  and  from  the  centre  of 
the  wheel’s  place,  describe  a circle,  then,  with  a radius  of  400,  des- 
cribe from  the  centre  of  the  pinion’s  place  another  circle  ; these  circles 
will  touch  or  coincide  with  each  other  on  the  line  joining  their  centres, 
and  this  place  of  touching  is,  in  mill  machinery,  called  the  pitch  line, 
and  by  Camus  the  circles  are  called  the  primitive  circles.  Taking 
these  diameters  as  they  are  now  given,  that  is,  the  pinion  at  8 of 
an  inch,  and  the  wheel  at  4.8  inches,  these  being  set  to  their  respec- 
tive places  on  the  sector,  that  is,  to  120  and  to  20;  then  122.25 
taken  from  the  sector  will  be  the  true  diameter  of  the  wheel,  and 
21.5,  taken  also  from  the  sector,  that  of  the  pinion,  which  are  what 
was  required. 

The  converse  of  this  rule  is  obvious.  Let  it  be  required  to  find 
the  distance  of  the  centres  of  a wheel  and  pinion,  so  as  they  can  be 
set  to  a proper  pitching.  It  is  supposed  to  be  a settled  point,  that 
two  and  a quarter  may  be  taken  on  the  sector,  or  line  of  equal  parts, 
over  and  above  the  number  of  the  wheel  teeth,  when  the  wheel  drives 
the  pinion  ; and  the  pinion’s  place  on  the  sector,  at  one  and  a half 
more  than  the  number  of  leaves  which  it  contains.  But  when  the 
pinion  leads  the  wheel,  the  addenda  for  it  must  be  two  and  a quarter, 
and  that  for  the  wheel  one  and  a half. 

The  wheel  having  120  teeth,  and  the  pinion  20  leaves,  it  is  re- 
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quired  to  find  the  distance  of  their  centres.  Set  the  wheel  to  122.25 
on  the  sector,  and  from  120  to  120  across  take  the  distance,  the  half 
of  which  take  as  a radius,  and  with  it  describe  a circle  from  the  cen- 
tre of  the  wheel’s  place ; let  a straight  line  be  drawn  from  the  wheel’s 
centre,  towards  the  place  where  the  centre  of  the  pinion  is  required 
to  be.  The  pinion  20  being  set  to  21.5  on  the  sector,  let  the  dis- 
tance 20  be  taken  from  it,  and  with  the  half  of  this  as  radius,  set  one 
foot  of  the  compasses  at  the  place  where  the  wheel’s  circle  intersects 
the  straight  line,  and  with  the  other  foot  intersect  this  line  ; this  in- 
tersection will  then  be  the  distance  of  the  centres,  where  the  wheel  of 
120,  and  the  pinion  of  20,  will  pitch  properly  together.  The  same 
opening  of  the  sector  must  serve  for  both  wheel  and  pinion,  if  they 
are  duly  proportioned  to  one  another.  If  these  operations  are  care- 
fully gone  about,  the  diameters  of  wheels  and  pinions,  and  their  dis- 
tance of  centres,  may  be  very  accurately  obtained,  in  work  approach- 
ing nearly  as  small  as  that  of  watch-work,  and  in  which  too  it  even 
might  be  done,  if  required.  An  example  of  such  may  be  taken  : 
The  distance  of  the  centres  of  a wheel  and  pinion  is  8 of  an  inch, 
which  call  800,  being  800  thousandths  of  an  inch.  The  wheel  is  to 
have  84  teeth,  and  the  pinion  16  leaves,  it  is  required  to  find  their 
diameters ! The  sum  of  the  wheel  and  pinion  is  100  ; then  say,  as 
100  is  to  800,  so  is  84,  the  number  of  the  wheel  teeth,  to  a fourth 
number,  which  will  be  the  acting  semi-diameter  of  the  wheel. 
100  : 800  : : 84 : 672,  which  is  the  acting  semi-diameter,  being  672 
thousand  parts  of  an  inch.  The  acting  semi-diameter  of  the  pinion 
is  found  in  the  same  way.  100  : 800  : : 16 : 128,  the  number  of  the 
thousand  parts  of  an  inch  for  the  acting  semi-diameter  of  the  pinion. 
Then  672+128=800,  the  distance  of  their  centres.  With  these 
numbers,  672  and  128,  taken  as  radii,  describe  circles,  take  the  dia- 
meter of  each  and  apply  them  to  their  respective  numbers  on  the  sec- 
tor, viz.  84  and  16,  and  with  this  opening  take  86.25  from  the  sector 
for  the  diameter  of  the  wheel,  and  17.5  for  that  of  the  pinion,  which 
will  be  their  true  diameters. 

Having  a wheel  of  84  teeth  and  a pinion  of  16,  it  is  required  to 
find  the  distance  of  their  centres?  Set  the  wheel  to  86.25  on  the 
sector,  and  from  84  to  84  across  take  the  distance,  with  the  half  of 
which  taken  as  radius,  describe  a circle  whose  centre  is  in  some  straight 
line  or  other;  the  pinion  being  set  to  17.5  on  the  sector,  take  the 
distance  between  16  and  16  on  the  legs  of  the  sector,  and  with  the 
half  of  this  distance  taken  as  radius,  describe  a circle  on  the  same 
right  line  where  the  wheel  circle  is,  whose  circumference  shall  fall 
m with  that  of  the  wheel ; the  distance  between  their  centres  will  be 
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the  distance  where  the  wheel  of  84,  and  the  pinion  of  16  will  pitch 
properly  together.  9 

For  such  purposes  as  these,  it  is  requisite  to  have  very  nice  dividers, 
or  compasses,  and  a scale  having  the  inch  divided  into  tenths  and 
thousandths  of  an  inch. 

It  is  more  than  forty  years  since  we  urged  the  expediency  of  work- 
men in  the  different  branches,  making  use  of  inches  and  parts  of  an 
inch,  in  whatever  kind  of  gauge  was  used ; and  from  this  would  re- 
sult much  ease,  convenience,  and  advantage  not  only  to  themselves, 
but  to  those  who  employed  them,  or  gave  them  orders  for  what  might 
be  wanted.  To  show  how  irregular  they  are  in  this  part  of  their 
business,  for  example,  one  movement-maker  had  his  pillars  called  1 2, 
and  his  frame  or  pillar  plate  8,  as  one  of  his  movement  sizes  ; ano- 
ther had  also  a way  of  expressing  by  numbers  his  sizes,  but  differing 
from  those  of  his  neighbour  ; and  neither  of  them  had  the  smallest 
analogy  to  any  known  measure,  each  having  his  gauge  made  accord- 
ing to  his  own  fancy.  Were  every  size,  either  in  height  of  pillars, 
or  verges,  diameters  of  plates,  dials,  glasses,  &c.  expressed  by  mea- 
sures of  inches  and  its  parts,  every  one  could  then  understand  what 
he  had  ordered,  and  what  he  had  to  expect.  The  breadth  of  springs 
and  their  lengths,  should  be  expressed  in  the  same  way,  and  even 
their  weight  in  grains,  or  in  ounces,  pennyweights,  and  grains  troy. 
There  seems  to  be  but  little  difficulty  in  adopting  a plan  of  this 
sort ; but  it  has  not  yet  been  done,  and  we  regret  to  say  we  suspect  it 
never  will. 

The  following  is  a description  of  a sliding  scale  of  equal  parts,  of 
such  general  utility,  that  no  clock  or  watch-maker  ought  to  be  with- 
out having  one  of  them,  as  it  supplies  the  place  of  a sector,  of  a 
pitching  tool  of  calipers,  or  pinion  gauges  ; it  may  be  used  also  as 
compasses,  or  dividers,  and  as  a pivot  gauge  for  clock  pivots  ; it  might 
be  rather  heavy  for  watch  pivots,  which  would  require  a very  small 
sector,  or  micrometer  spring  gauge,  such  as  Berthoud  used  ; the  com- 
mon pivot  gauge  with  holes  not  being  readily  reducible  so  as  to  give 
the  diameter  of  the  pivots  to  a known  measure ; the  sliding  scale 
may  be  made  to  various  sizes,  or  according  to  what  description  of  work 
it  is  intended  chiefly  to  be  applied  : — Take  a piece  of  plate  brass 
well  hammered,  seven  inches  in  length,  three  quarters  of  an  inch  in 
breadth,  and  about  one  tenth  of  an  inch  thick,  made  very  straight 
and  plain  on  the  sides  and  edges,  like  to  what  may  be  called  a plain 
scale  or  straight  edge ; let  there  be  put  on  one  of  the  sides,  two 
slips  of  well  hammered  plate  brass,  whose  sides  and  edges  are  truly 
filled,  one  of  the  edge  on  each  must  be  filled  a little  bevelled,  so  as 


112 


SLIDING  SCALE  PITCHING  TOOL. 


when  the  slips  are  fixed  to  the  scale,  these  edges  will  form  a dovo- 
tail ; the  slips  are  fully  six  inches  long,  one  quarter  of  an  inch  broad, 
and  one  twentieth  of  an  inch  thick  : the  square  edges  of  the  slips  must 
coincide  with  the  outer  or  plain  edges  of  the  scale  when  fast  pinned 
on  it,  the  space  then  between  the  bevelled  edges  will  be  about  three 
tenths  of  an  inch  in  breadth ; in  this  space,  another  piece  of  good 
and  well  hammered  plate  brass  is  fitted,  being  of  the  same  thickness 
with  the  pinned  on  slips,  and  somewhat  more  than  two  inches  long, 
having  a small  slit  of  half  an  inch  long  made  in  each  end,  and  near 
to  the  side  which  is  opposite  to  that,  on  which  a nonius  or  vernier  is 
to  be  put ; the  small  slips  at  the  end  made  by  the  slits  are  set  out  a 
little,  so  as  to  form  or  give  a kind  of  spring  tightness  to  this  piece  of 
brass  when  moving  in  the  dovetail  groove,  and  keep  the  side  where 
the  nonius  is,  close  up  against  the  slip  fixed  on  the  scale.  On  this 
slip,  at  the  line  of  the  bevelled  edge,  is  laid  down  six  inches,  num- 
bered O,  1,  2,  3,  &c.  to  6,  each  inch  divided  into  ten,  and  each  tenth 
divided  into  five,  so  that  each  inch  is  divided  into  fifty  parts.  On  the 
piece  of  brass  fitted  into  the  dovetail  groove,  and  at  the  line  which 
corresponds  with  the  inches  and  parts  laid  down  on  the  scale,  is  the 
nonius  laid  down,  consisting  of  20  divisions  of  equal  parts,  and  num- 
bered into  twice  five  and  ten.  These  20  divisions  on  the  nonius  cor- 
respond to  1 9 divisions,  or  nineteen  fiftieths  on  the  scale,  and  by 
this  means  the  nonius  can  divide  each  fiftieth  into  twenty,  conse- 
quently an  inch  can  be  divided  into  a thousand, — a measure  so  ex- 
tremely small,  that  few  could  work  nearer,  or  even  up  to  it,  in  the 
very  nicest  parts  of  watch-making.  The  beginning  of  the  nonius 
divisions  is  distinguished  by  a sort  of  lozenge,  which  corresponds  to 
zero  or  O on  the  scale,  when  the  dovetail  piece  is  home  to  its  place. 
On  the  outside  of  the  slips  on  the  scale  are  screwed  two  thin  pieces 
of  steel,  somewhat  in  the  form  of  a square,  one  leg  of  the  square  being 
screwed  on,  the  other  projects  beyond  the  edge  of  the  scale  about 
three-tenths  of  an  inch,  one  at  each  side  or  edge;  another  thin  and 
nearly  straight  piece  of  steel  is  screwed  on  to  the  dovetail  piece,  near 
to  the  end  opposite  to  that  on  which  the  lozenge  is  engraved.  When 
the  line  of  the  lozenge  corresponds  with  0 on  the  scale,  then  the  edge 
of  the  steel  square,  (which  is  on  that  side  of  the  scale  opposite  to  that 
where  the  divisions  are  laid  down,)  and  the  piece  of  steel  which  is  on 
the  dovetail  piece  meet  or  coincide  ; between  these  edges,  the  dia- 
meters of  wheels  and  pinions,  &c.  are  taken,  the  lozenge,  or  some 
division  of  the  nonius  corresponding  to  the  number  on  the  scale,  gives 
the  diameter  in  inches,  tenths,  and  thousandths : between  the  edge  of 
the  other  steel  square  and  the  corresponding  end  of  the  steel  piece  on 
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the  dovetail,  a small  opening  is  left,  in  space  equal  to  the  outside  of  the 
opposite  steel  ends,  when  home  at  0 or  zero  ; this  is  for  taking  the  out- 
side diameter  of  any  thing,  the  other  for  the  inside  of  that,  for  which 
the  other  is  intended  to  be  fitted  into.  On  the  end  of  the  dovetail  piece, 
outside  of  the  steel  piece,  is  fixed  a small  brass  stud,  another  small  stud 
somewhat  larger,  whose  shoulder  moves  along  the  space  of  the  scale, 
which  is  between  the  dovetail  edges  ; an  opening  is  made  in  this 
space  4.5  inches  long,  and  three  twentieths  of  an  inch  wide ; a dou- 
ble shouldered  screw,  having  a steel  collet,  and  brass  milled  head;  the 
double  shoulder  comes  from  under  the  scale,  and  through  the  open- 
ing the  screw  is  tapped,  and  works  in  a hole  in  the  sole  of  the  largest 
brass  stud;  another  milled  headed  screw  turns  in  the  largest  brass 
stud,  the  head  near  the  stud  outside  ; this  part  of  the  screw  cannot 
move  endways  in  the  stud  ; the  tapped  part  turns  in  a screwed  hole 
in  the  head  of  the  smallest  brass  stud.  The  screw  under  the  scale 
fixing  the  largest  brass  stud  on  the  dovetail  space,  the  other,  on  being 
turned,  will,  by  means  of  the  smallest  stud,  bring  the  nonius  very  ac- 
curately to  the  place  wanted  on  the  scale ; the  long  opening  is  for 
the  double  shoulder  of  the  screw  to  move  back  and  forward  in,  along 
with  the  dovetail  piece  and  nonius  on  it.  A very  small  and  nice 
beam  compass  is  requisite  to  accompany  this  sliding  scale;  or  two 
small  and  short  cylindrical  steel  pins  with  conical  points  may  be  at- 
tached to  the  scale  itself,  as  done  in  the  one  we  use.  When  the 
lozenge  is  home  and  coinciding  with  0,  let  a hole  be  made  through 
the  dovetail  piece  near  to  the  end  where  the  nonius  is  laid , and 
the  scale  truly  opened,  so  as  the  steel  points  may  stand  perpendicular 
to  the  plane  of  the  scale,  and  coincide  in  the  same  point;  but  to  this 
point  they  cannot  be  brought,  when  the  one  point  is  fixed  to  the 
scale,  and  the  other  to  the  sliding  dovetail  piece ; one  of  these  points, 
the  one  which  is  attached  to  the  sliding  piece,  will  require  to  be  un- 
fixed or  taken  out  of  its  place  for  the  time,  when  very  small  diame- 
ters are  to  be  taken.  In  making  use  of  this  sliding  scale,  a little 
knowledge  of  the  rule  of  proportion,  and  of  decimals,  is  necessary;  by 
it  the  size  of  the  pinions  may  be  had  before  the  wheels  are  made,  or 
give  the  diameter  of  a wheel  to  a given  pinion.  Clock-makers,  before 
making  their  pinions,  are  in  the  practice  of  first  having  their  wheels 
cut ; as  it  is  from  the  teeth  and  spaces  they  get  the  diameter  of  their 
pinions.  By  the  proper  use  of  this  scale,  the  pinions  may  be  made 
at  any  time,  whether  the  wheels  are  made,  cut  or  not  cut.  Clock  and 
watch-makers  have  different  methods  for  taking  the  diameters  of  pi- 
nions, as  well  as  different  sizes  : some  take  more  or  less  of  teeth  and 
space  by  the  pinion  gauge  than  others  do,  and  the  greatest  accuracy 
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by  this  way,  is  not  quite  attainable,  unless  having  very  extensive  and 
nice  practice.  Some  use  a sector,  having  a line  of  equal  parts  laid 
down  on  the  legs,  and  just  at  their  inner  edges;  but  if  no  mistake  is 
made  in  calculation,  the  sliding  scale  appears  to  give  these  things  with 
the  greatest  degree  of  precision.  A few  examples  with  it  shall  be  given. 

The  great  wheel  of  a turret  clock  being  12  inches  in  diameter,  and 
having  120  teeth,  the  pinion  which  it  is  to  drive  to  have  20  leaves  : 
It  is  required  to  have  the  diameter  of  the  pinion  ? 

Say,  as  120  teeth  + 2.25  (the  addenda  for  the  driver)  = 122.25 
is  to  12  inches  or  12000,  the  diameter  of  the  wheel,  so  is  20  the 
pinion  leaves  + 1.5  (the  addenda  for  the  driven)  = 21.5  to  a fourth 
number,  which  will  be  that  for  the  diameter  required. 

Then,  as  122.25 : 12000  : : 21.5  : x. 

21.5 


60000 

12000 

24000 

122.25)258000.0(2110.4.  The  number  required  for  the 
24450  diameter  of  the  pinion.  Say  2.1 

inches,  and  x1^^-  of  an  inch. 

13500 

12225 


12750 

12225 


52500 

48900 

3600 

The  diameter  which  is  given  here  for  the  pinion,  is  greater  than 
the  projection  of  the  steel  edges  of  the  sliding  scale  can  take  in,  which 
was  not  intended  for  work  quite  so  large ; yet  when  it  is  set  to  2110.4, 
the  diameter  may  easily  be  transferred  from  the  steel  edges  by  means 
of  a pair  of  calipers.  In  such  large  work  as  this,  what  cannot  be 
done  by  the  sliding  scale,  may  be  done  very  easily,  and  with  the 
greatest  exactness  by  the  common  Gunter’s  scale,  where  inches,  tenths* 
and  two  hundredths  of  an  inch,  can  be  taken. 

The  great  wheel  of  an  astronomical  clock  having  96  teeth,  the  dia- 
meter 3.2  inches,  and  Tlnhr  °f  an  inch  more,  or  say  3220,  the  pinion 
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which  it  is  to  drive  is  to  have  30  leaves  : What  must  the  diameter  of 
this  pinion  be  ? 

96+2.25=98.25.  The  diameter  3220,  and  the  pinion  30+1.5= 
31.5. 

Then,  as  98.25  : 3220  : : 31.5  : 

31.5 


16100 

3220 

9660 


98.25)101430.0(1032.3.  The  diameter  of  the  pinion  must 
9825  be  1 inch,  and  of  an  inch. 


31800 

29475 


23250 

19650 


3600 

29475 

6525 

The  great  wheel  of  a common  eight-day  clock  having  96  teeth, 
and  3.2  inches  in  diameter,  or  3200 ; the  second  wheel  pinion  8, 
what  should  be  the  diameter  of  the  pinion  ? 

As  98.25  : 3200  : : 9.5  : 309.4.  The  diameter  of  the  pinion  must 
be  .3  of  an  inch,  and  °f  an  inch  more. 

The  diameter  of  any  wheel  (by  having  the  diameter  of  the  pinion) 
may  be  found  in  the  same  way  as  that  of  the  pinions. 

The  diameter  of  the  centre,  or  second  wheel  pinion  of  a spring 
clock,  being  2.8  tenths  of  an  inch,  or  280,  and  8 leaves,  the  great 
wheel  to  have  96  teeth:  Required  the  diameter? 

Say,  as  9.5  : 280  : : 98.25  : a?,  or  2895.8.  The  diameter  which 
the  great  wheel  ought  to  be,  being  2.8  inches,  and  of  an  inch. 

Having  a wheel  of  120  teeth,  and  whose  diameter  was  4.8  inches, 
to  get  the  diameter  of  a pinion  of  48,  a slip  of  paper  was  extended 
over  50  teeth,  according  to  a rule  of  M.  Berthouds , which  measured 
in  length  6200  as  the  circumference  of  the  pinion.  From  this  cir- 
cumference to  find  the  diameter,  say  355  : 113  : : 6200  : 1973,  this 
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last  number  is  the  diameter  of  the  pinion.  By  the  same  method,  1012 
was  given  for  the  diameter  of  a pinion  of  24;  and  for  a pinion  of  12, 
538  for  the  diameter  of  it. 

Calculating  these  numbers  by  the  rule  given  when  using  the  slid- 
ing scale,  they  were  1943,  1001,  and  530;  and  comparing  them 
with  those  given  by  Berthoud’s  rule,  it  will  be  seen  that  it  gives  the 
diameters  rather  too  large.  It  may  be  observed  here,  that  pinions  of 
lesser  numbers  have  a greater  diameter  in  proportion  than  those  of 
double  or  quadruple  the  number.  For  example,  the  pinion  here  of 
12  has  the  diameter  530;  this  multiplied  by  4,  will  be  2120,  and  the 
diameter  of  the  pinion  of  48,  was  only  given  1943.  But  the  more  a 
pinion  approximates  in  number  to  the  wheel,  the  less  will  be  the  dif- 
ference of  the  ratio  of  their  diameters. 

It  would  appear,  as  has  already  been  hinted,  that  Berthoud  had 
relinquished  the  rules  for  taking  the  diameters  of  pinions,  as  given  in 
his  Essai , by  comparing  them  with  the  pinions  in  a very  fine  marine 
time-keeper,  No.  xxxiii.  Inventee  par  Ferdinand  Berthoud , 1785, 
being  twenty-two  years  after  the  publication  of  his  Essai.  All  the 
pinions  in  it  had  16  leaves,  and  were  all  of  the  same  diameter 
148,  as  taken  by  the  gauge  of  the  sliding  scale,  measuring  ten  teeth 
and  spaces  of  the  wheels,  whereas  they  should  have  measured  eleven 
teeth  and  spaces.  The  slip  of  paper  method  would  have  made  their 
circumference  520;  and  the  diameter  165.5,  or  11.18  teeth  and 
spaces,  giving  a much  greater  diameter  than  what  he  had  afterwards 
adopted  in  his  practice.  The  diameter  of  the  great  wheel  1751,  and 
192  teeth,  driving  a pinion  of  16  leaves:  Required  the  diameter  of 
the  pinion?  Say,  194.25  : 1751  : : 17.5  : 157.7;  this  last  number 
is  then  greater  than  148  by  1S'070i  of  an  inch.  All  the  pitchings  in 
this  time-keeper  were,  however,  extremely  good,  the  teeth  apparently 
approached  to  that  of  having  a drop,  and  yet  it  could  not  be  confi- 
dently said  that  they  had. 

The  rule  which  Mr  Hatton,  (in  his  introduction  to  the  mechanical 
paid  of  clock  and  watch-making,)  has  given  for  finding  the  diameters 
of  pinions,  will  make  them  too  large : and  that  which  is  given  in  a 
very  respectable  work  (Rees’s  Cyclopaedia)  will  make  them  larger 
still.  The  rules  are  nearly  the  same  in  both,  only  Mr  Hatton’s 
addenda  is  1,  and  that  of  the  other  is  1.5.  Multiply  the  number 
intended  for  the  pinion  by  2,  then  divide  the  product  by  3,  and  to 
the  quotient  add  1,  or  1.5,  as  they  may  apply,  and  this  will  be  the 
diameter  in  teeth  and  spaces,  taken  from  the  wheel  which  is  to  drive 
the  pinion.  An  example  shall  be  taken  in  both  cases  for  the  diame- 
ter of  a pinion  of  8 leaves. 
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8x2  = 16 --3  = 5^  + 1 =H 
8x2  = 16 +-3=5^  + 1.5=  6.8. 

Although  the  rule  now  to  be  given,  differs  not  very  materially  from 
the  two  last,  yet  it  will  be  found  to  be  a good  one,  and  give  such  diame- 
ters to  the  pinions  as  will  at  all  times  and  cases  ensure  safe  pitching. 
Multiply  the  given  number  of  the  pinion  by  2,  to  the  product  add  1, 
and  then  divide  by  3,  the  quotient  will  be  the  diameter  required. 
Take  the  former  as  an  example,  8x2  = 16  + 1 = 17  3 = 5f. 

Being  three  teeth,  two  spaces,  and  two  thirds  of  a space,  taken  by  the 
calipers  from  the  teeth  of  a wheel  not  rounded  up,  and  which  will  be 
a diameter  sufficiently  large.  In  taking  the  diameter  for  a leading 
pinion,  it  will  make  but  a very  small  difference,  whether  the  addenda 
is  two,  or  two  and  a quarter.  For  a pinion  of  eight,  the  diameter  in 
the  one  case  is  6,  and  in  the  other  6.08. 

In  a very  excellent  clock,  which  was  planned  out  by  a very  ingeni- 
ous artist,  and  executed  by  another,  who  (it  may  truly  be  said)  have 
perhaps  not  left  their  equals  behind  them,  were  two  leading  pinions 
so  very  accurately  made,  that  it  has  been  thought  proper  to  give  them 
a place  here.  One  of  them,  a pinion  of  8,  leading  a wheel  of  96 
teeth,  and  3 inches  in  diameter ; the  diameter  of  the  pinion  by  the 
sliding  scale  was  316.  To  find  its  diameter,  say,  as  97.5  : 3000  : : 
10.25 : 315.6 ; this  last  is  so  near,  that  between  it  and  the  actual 
diameter  316,  there  is  not  2W0  °f  an  in°h  °f  difference.  The  other 
a pinion  of  12,  leading  a wheel  of  365  teeth,  whose  diameter  was  7.9 
inches,  that  of  the  pinion  307.  To  show  what  it  ought  to  be,  say, 
as  366.5  : 7900 : : 14.25  : 307. ; such  extreme  accuracy  is  rarely  to 
be  met  with.  The  diameter  of  the  great  wheel  of  a clock  being  3.2 
inches,  having  96  teeth,  and  the  pinion  which  it  is  to  drive  has  8 
leaves  : Required  the  distance  their  centres  should  have,  so  as  they 
may  pitch  properly  together  ? say,  as  98.25  is  to  3200,  the  diameter 
of  the  wheel,  so  is  half  the  sum  of  the  wheel  and  pinion  added  to- 
gether, to  a number  which  shall  be  the  distance  required.  96  + 8 = 
104,  half  of  which  is  52. ; then  98.25  : 3200:  : 52  : 1693.6,  the  dis- 
tance which  the  centres  ought  to  have  which  is  1.6  inch,  and  x9^+ 
of  an  inch  more. 

Having  the  distance  of  the  centres,  it  is  required  to  find  the  dia- 
meter of  a wheel  of  96  teeth,  and  the  diameter  of  a pinion  of  8,  which 
it  is  to  drive,  so  that  they  may  pitch  properly  together  ? The  half 
sum  of  the  wheel  and  pinion  is  52,  the  distance  of  the  centres  is 
1693.6,  and  the  wheel  96  + 2.25  = 98.25  ; then  say,  as,  52:  1693.6 : : 
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98.25  : 8199.9,  which  number  is  that  for  the  diameter  of  the  wheel 
96,  and  is  within  toVoo  Par^  °f  an  inch  °f  8200.  To  find  the  dia- 
meter of  the  pinion,  say,  as  52:  1693.6:  : 9.5  : 309.4,  the  number 
for  the  diameter  of  the  pinion  being  the  same  as  was  found  in  an- 
other case.  The  examples  given  here  for  the  practical  clockmaker, 
ought  to  be  sufficient  for  the  watchmaker  also  : but,  in  order  to  make 
the  matter  as  familiar  to  the  latter  as  possible,  a few  cases  may  be 
taken  with  watch  wheels. 

The  fusee  great  wheel  of  a repeating  watch,  having  60  teeth,  and 
780  in  diameter,  the  second  wheel  pinion  (which  it  is  to  turn)  to  be  12: 
Required  the  diameter  of  the  pinion?  Say,  as  62.25:  780  : : 13.5  : 
169,  the  number  of  thousand  parts  of  an  inch  on  the  sliding  scale, 
taken  from  between  the  steel  edges,  for  the  diameter  of  the  pinion. 
The  second  wheel  of  the  same  watch  having  64  teeth,  and  the  dia- 
meter 668,  the  pinion  which  it  is  to  drive  to  have  8 leaves  : Re- 
quired the  diameter  of  the  pinion  ? 

as  66.25  : 668  : : 9.5  : 96. 

The  second  wheel  of  a watch  having  100  teeth,  and  in  diameter 
769,  the  pinion  10  which  it  is  to  drive:  Required  the  diameter  of 
the  pinion?  As  102.25 : 769  : : 11.5  : 86.4,  the  diameter  required. 

A wheel  of  64,  and  one  inch  in  diameter,  drives  a pinion  of  8 
leaves:  Required  the  diameter  of  the  pinion?  As  66.25  : 1000  : : 9.5  : 
143.4,  the  diameter  required. 

To  find  the  diameter  of  a wheel,  64  being  the  number  of  teeth 
which  it  is  to  have,  the  diameter  of  the  pinion  143.4,  and  8 leaves, 
as  in  the  last  example  ? As  9.5  : 143.4  : : 66.25  : 1000.  The  num- 
ber 1000,  or  one  inch,  is  the  diameter  required  for  the  wheel. 

The  diameter  of  a fusee  great  wheel  of  60  teeth  is  780,  the  se- 
cond wheel  pinion  which  it  is  to  drive  is  12 : it  is  required  to  find 
the  distance  of  their  centres?  The  wheel  60,  and  the  pinion  12,  add- 
ed together,  make  72,  the  half  of  which  is  36 ; then  as  62.25  : 780 
: : 36  : 451,  the  distance  between  the  centres,  being  4.5  tenths  of  an 
inch,  and  yoVo  Part  °f  an  inch  more. 

The  diameter  of  a second  wheel  of  64  is  668,  the  pinion  of  the 
third  wheel  which  it  drives  is  8 : Required  the  distance  of  their  cen- 
tres? 64  + 8 = 72  -f-  2 = 36.  Then  as  66.25  : 668  : : 36  : 363, 
the  distance  between  the  centres ; being  three-tenths  of  an  inch,  and 
2 0 g 0 parts  of  an  inch  more. 

Supposing  the  fusee  great  wheel  to  be  lost,  as  also  the  second 
wheel  pinion,  having  the  distance  of  their  centres,  to  find  what  should 
be  the  diameter  of  each,  so  as  they  may  be  made  to  pitch  properly 
together  at  the  given  distance  of  their  centres?  The  distance  given 
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is  451,  the  great  wheel  is  to  have  60  teeth,  and  the  second  wheel 
pinion  to  be  12.  To  find  the  diameter  of  the  great  wheel,  say,  as  36 
(which  is  the  half  of  the  sum  of  the  wheel  60,  and  the  pinion  12, 
added  together,)  is  to  451,  so#is  62.25  to  the  diameter  required. 


36: 451::  62.25:^. 
451 


6225 

31125 

24900 


36)28074.75(780  Dia.  of  the  wheel. 
252 


287 

288 


36:451 : : 13.5:#. 
13.5 


2255 

1353 

451 


36)6088.5(169.1  Dia.  of  the  pinion. 
36 


248 

216 


328 

324 


45 

36 


A wheel  of  twice  the  diameter  of  another  will  contain  twice  the 
number  of  teeth,  but  the  area  of  the  circle  will  be  four  times  that 
of  the  other,  so  that  if  the  weight  is  eight  ounces,  that  of  the  other 
will  be  two,  both  being  supposed  of  equal  thickness, — the  circumfer- 
ences of  circles  being  to  each  other  as  their  diameters,  their  areas  as 
the  squares  of  their  diameters. 

Although  high  numbers  have  been  very  properly  and  frequently 
recommended,  yet  there  is  a danger  in  carrying  this  too  far,  because 
they  require  to  have  the  size  or  diameter  of  the  pinions  a little  less, 
than  to  those  where  common  numbers  are  used,  as  the  smallest  de- 
viation or  wearing  of  the  holes  will  alter  them  considerably  in  their 
pitcliings;  and  this  is  what  we  conceive  must  have  led  Berthoud  at 
last  to  have  the  diameters  of  his  pinions  smaller  than  what  the  com- 
mon rules  give. 

A sector,  and  a sector  depthening  tool,  were  made  by  Mr  Joseph 
Ridley,  for  which  the  Society  for  the  Encouragement  of  Arts,  Com- 
merce, &c.  voted  him  a premium  of  twenty  guineas.  See  an  account 
of  them  published  in  1788,  in  the  sixth  volume  of  the  Transactions 
of  that  Society,  page  188,  accompanied  with  two  plates  of  the 
sectors. 

The  description  which  is  given  of  them  is  not  so  complete  as  could 
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have  been  wished,  nor  do  they  appear  to  be  so  convenient  as  the  one 
made  by  Pennington,  which  serves  both  as  a sector  for  taking  the 
proportional  sizes  of  wheels  and  pinions,  and  as  a depthening  tool. 
In  this  of  Ridley's,  we  have  to  adjust  the  sector  to  the  half  sum  of 
the  number  of  teeth  in  the  wheel  and  leaves  in  the  pinion,  and  then 
bring  two  legs  of  the  depthening  tool  to  be  adjusted  to  this  place  : 
this  is  requiring  two  sectors,  when  one  could  do  the  business  equally 
well.  It  is  objectionable  also,  by  the  steel  pins  or  cylinders  for 
marking  off,  standing  in  an  angular  position  to  one  another, — one  of 
them,  a pumping  one,  is  held  up  in  a perpendicular  position,  when 
marking  off  by  the  other  leg,  which  is  a fixed  one,  and  thereby  is 
made  to  mark  off  in  an  oblique  position.  In  Pennington's,  the  two 
marking  legs,  or  cylindrical  pins  with  conical  points,  stand  at  all 
times  parallel  to  each  other,  and  they  will  set  off  at  any  opening  the 
true  places  of  wheels  and  pinions. 

The  plain  sliding  scale  is  much  preferable  to  either  Penning- 
ton’s or  Ridley's,  only  it  requires  a little  more  calculation  to  be  made 
when  using  it. 

Some  few  years  ago,  we  had  seen  it  stated  somewhere,  (so  far  as 
we  recollect,)  that  a sector  pitching  tool  had  been  invented  by  M. 
Le  Cerf,  watch-maker  in  Geneva,  and  that  a description  of  it  was 
given  in  the  68th  vol.  of  the  Philosophical  Transactions.  Lately, 
on  turning  up  this  volume,  we  were  much  disappointed  to  find  no 
description , although  a paper  was  given  by  the  inventor  to  Lord 
Viscount  Mahon,  then  residing  at  Geneva,  along  with  the  two  in- 
struments, requesting  his  Lordship  to  present  them  to  the  Royal 
Society  of  London.  The  paper  is  entitled,  “ A Description  of  the 
Instruments;”  yet  in  reality  there  is  no  description  given  of  the  in- 
struments, although  a long  detail  is  given  of  their  properties  and 
various  uses,  whereby  they  can  be  applied  to  the  properly  sizing  of 
wheels  and  pinions  in  watch-making,  &c.  As  the  Reverend  Secre- 
tary of  the  Royal  Society  had  got  these  instruments  in  1778,  with 
the  said  description , to  present  to  that  honourable  and  learned  body, 
it  is  to  be  regretted  that  a drawing  or  engraving  had  not  been  taken 
of  them , as  then  a description  of  them  might  have  been  given, 
(though  not  in  the  inventor's  words,)  which  might  have  conveyed 
some  idea  of  the  mechanism  or  construction  of  these  machines . This 
term  is  used  by  the  inventor,  as  well  as  instruments.  We  are, 
however,  humbly  of  opinion,  that  from  what  has  been  said  of  Pen- 
nington’s sector,  and  also  of  the  sliding  scale,  that  they  come  as  near 
to  the  purpose  as  those  of  M.  Le  Oerf.  And  taking  sizes  even  by 
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the  teeth  and  spaces  on  a wheel,  for  the  size  of  a pinion,  every  in- 
telligent workman  knows  what  allowances  are  to  be  made,  accord- 
ing as  the  wheel  is  to  give  a more  or  less  number  of  revolutions  to 
the  pinion. 


CHAPTER  VI. 

On  Pendulums ; the  influence  of  gravity  on  them  at  different  parts  of 
the  Globe , compared  with  the  influence  of  their  suspension-springs  by 
changes  of  temperature , Sfc.  8fc. 

The  motion  of  the  pendulum  is  intimately  connected  with  the 
law  of  falling  bodies.  Early  in  the  seventeenth  century,  Galileo 
observed,  that  a body  when  left  by  itself  to  fall,  the  spaces  it  de- 
scends in  equal  times  will  increase  as  the  odd  numbers,  1,  3,  5,  7,  9, 
&c.,  and  when  thrown  up  by  any  force,  the  spaces  gone  through  in 
ascending,  decrease  in  the  same  way,  nor  will  it  begin  to  fall  back 
till  it  has  completed  one , the  last  number  in  the  decreasing  progres- 
sion. Suppose  the  line  A E,  Plate  III.  No.  12.  to  be  a perpendi- 
cular height  divided  into  16  equal  parts,  each  of  which  to  represent 
a space,  equal  to  that  which  a falling  body  goes  through  in  the  first 
second  of  time  when  descending.  From  experience  and  demonstra- 
tion, this  is  found  to  be  16  feet  1 inch,  and  a small  fraction  of  an 
inch  more  : taking  it  for  such  as  measured  from  A to  B ; in  the  next 
second  of  time  it  falls  from  B to  C,  a space  three  times  that  of  A B; 
in  the  third  second,  it  falls  from  C to  D,  which  is  five  times  that  of 
A B ; and  from  D it  falls  to  E,  seven  times  the  length  of  A B,  in 
the  fourth  second  of  time.  The  square  of  the  times  is  proportional 
to  the  spaces  descended  by  a falling  body;  for  example,  in  falling 
from  A to  E,  the  time  was  four  seconds,  and  the  space  descended 
257*438  feet,  being  the  product  of  16  feet  1 inch,  and  *079  of  an 
inch,  multiplied  by  16,  the  square  of  the  time  of  falling.  From  A 
to  C it  falls  in  two  seconds,  the  square  of  which  is  4,  and  1 6^  X 4 
= 64  feet  4 inches,  the  length  of  the  space  descended. 

It  can  be  shown,  that  the  square  of  the  diameter  of  a circle  is  to 
the  square  of  its  circumference,  as  the  length  of  a pendulum  is  to 
double  the  height  from  which  a body  falls  during  the  time  of  one  of 
its  vibrations.  A pendulum  which  vibrates  seconds,  being  in  length 
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39.126  inches,  it  can  thence  be  deduced  from  what  height  a heavy 
body  will  fall  in  one  second  of  time.  Let  113  be  taken  for  the  dia- 
meter, and  355  for  the  circumference  of  a circle ; then,  as  the  square 
of  113  is  to  the  square  of  355,  so  is  39.126  inches,  the  length  of  a 
second’s  pendulum,  to  386.158  inches,  the  half  of  which  is  193.079 
inches,  or  16  feet  1.079  inch,  the  space  which  a falling  body  will  de- 
scend in  one  second  of  time.  By  taking  19.563  inches,  the  half  of 
the  length  of  the  second’s  pendulum,  the  same  result  is  more  directly 
obtained;  that  is,  as  12769  : 19.563  : : 126025 : 193.079;— 193.079 
inches  is  the  height  from  which  a heavy  body  will  descend  (or  fall 
through)  in  the  time  of  one  vibration  of  a second’s  pendulum ; the 
length  of  this  pendulum  may  be  found  by  the  following  proportion,  as 
126025:  12769  ::  193.079  : 19.563,  and  twice  19.563  = 39.126 
inches,  the  required  length  of  the  pendulum.  If  a pendulum  makes 
two  vibrations  in  the  time  that  a heavy  body  takes  to  fall  193.079 
inches,  its  length  may  be  known  as  thus:  The  square  of  two  is 

four,  by  which  divide  the  length  of  the  second’s  pendulum,  and 
9.78  inches  is  given  for  the  length  of  the  other  pendulum.  The 
second’s  pendulum  being  shorter  at  the  equator  than  in  the  latitude 
of  London,  a heavy  body  there  will  fall  through  a less  space  in  a se- 
cond of  time  ; at  the  pole  it  will  fall  through  a greater  space,  the 
length  of  a second’s  pendulum  being  greater  there.  The  force  of 
gravity  at  the  equator  being  to  that  at  the  pole,  as  144  to  145.  As 
they  apply  to  this  subject,  the  following  are  some  particulars  of  an 
astronomical  clock  made  by  Geo.  Graham,  and  sent  in  the  year 
1731  out  to  Black  River,  in  the  island  of  Jamaica,  in  the  latitude 
of  18°  north : The  clock  weight  that  keeps  the  pendulum  in  motion 

is  12  lbs.  10^  oz.  and  is  to  be  wound  up  once  a month.  The  weight 
of  the  pendulum  itself  is  17  lbs. ; and  during  the  time  that  the  clock 
w^as  compared  with  the  transits  of  the  star  Lucida  Aquilse,  it  vi- 
brated each  way  from  the  perpendicular  1°  45'.  The  magnitude 
of  the  vibrations  was  estimated  by  means  of  a brass  arch,  which  was 
fixed  just  under  the  lower  end  of  the  pendulum  rod,  and  divided 
into  degrees,  &c.  August  31st,  Mr  Graham  took  off  the  weight 
belonging  to  the  clock,  and  hung  on  another  of  6 lbs.  3 oz.,  and 
with  this  weight  the  pendulum  vibrated  only  1°  15'  on  each  side,  and 
the  clock  went  slower  \ second  in  24  hours,  than  when  its  own 
weight  of  12  lbs.  10£  oz.  was  hung  on.  On  comparing  the  vibra- 
tions, it  appears,  that  in  one  apparent  revolution  of  the  stars,  the 
clock  went  2 minutes,  6-J-  seconds,  slower  in  Jamaica  than  in  Lon- 
don ; deducting  therefore  8£  seconds,  on  account  of  the  greater  heat 
in  Jamaica,  there  remains  a difference  of  1 minute  58  seconds, 
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which  must  necessarily  arise.  Without  entering  into  the  dispute 
about  the  figure  of  the  earth,  Mr  Bradley  at  present  supposes,  with 
Sir  Isaac  Newton,  that  the  increase  of  gravity,  as  we  recede  from  the 
equator,  is  nearly  as  the  square  of  the  sine  of  the  latitude,  and  that 
the  difference  in  the  length  of  pendulums  is  proportional  to  the  aug- 
mentation or  diminution  of  gravity. 

On  these  suppositions,  Mr  Bradley  collects  from  the  above  men- 
tioned observations,  that  if  the  length  of  a simple  pendulum  that 
swings  seconds  at  London,  be  39.126  English  inches,  the  length  of 
one  at  the  equator  would  be  39.00,  and  at  the  poles  39.206.  And 
abstracting  from  the  alteration,  on  account  of  different  degrees  of 
heat,  a pendulum  clock,  that  would  go  true  under  the  equator,  will 
gain  3 minutes,  48^  seconds  in  a day  at  the  poles;  but  the  number 
of  seconds  that  it  would  gain  in  any  other  latitude  would  be,  to  3 
minutes,  48J  seconds,  nearly  as  the  square  of  the  sine  of  that  latitude, 
to  the  square  of  the  radius;  whence  it  follows,  that  the  number  of 
seconds  a clock  will  lose  in  a day,  on  its  removal  to  a place  nearer  to 
the  equator,  will  be,  to  3 minutes  48|-  seconds  nearly,  as  the  differ- 
ence of  the  squares  of  the  sines  of  the  respective  latitudes  is  to  the 
square  of  the  radius;  for  example,  the  latitude  of  London  is  51°  31', 
the  sine  of  which  is  7828,  and  the  latitude  of  Black  River  18°,  the 
sine  of  which  is  3090, — the  difference  of  the  squares  of  these  sines  is 
.5173;  then,  as  1.000:  .5173: : 3 minutes,  4 8|- seconds  : 1 minute  58 
seconds, — the  number  of  seconds  that  the  clock  lost  in  a day  at  Black 
River.  See  Philosophical  Transactions , anno  1 734,  No.  432.  A pen- 
dulum keeping  mean  time  at  the  equator,  will  go  faster  as  the  degrees 
of  latitude  increase,  as  exhibited  in  the  following 


TABLE. 


Latitude. 

Seconds  gained  by  a clock 
in  a day. 

Additional  length  required 
to  correct  the  error  in  parts 
of  an  English  inch. 

5 

1.7 

0.0016 

10 

6.9 

0.0062 

20 

26.7 

0.0246 

30 

57.1 

0.0516 

45 

114.1 

0.1033 

50 

134.0 

0.1212 

55 

150.2 

0.1386 

60 

171.2 

0.1549 

75 

213.0 

0.1927 

90 

228.5 

0.2065 
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The  latitude  of  Edinburgh  being  55°  56',  the  sine  of  which  is 
.8284,  and  the  square  .6862,  the  difference  of  the  squares  of  the  sines 
of  the  latitudes  of  London  and  Edinburgh  is  .0735,  giving  16.79 
seconds  that  a clock  would  lose  in  a day,  on  being  removed  from 
Edinburgh  to  London.  As  1 : 0735  : : 228.5  : 16.79. 

The  rule  given  here  may  be  an  approximation  to  the  time  that  a 
clock  ought  to  keep  according  to  the  latitude  of  the  place.  To  show 
that  it  is  only  an  approximation;  two  clocks,  one  of  which  kept 
siderial  time,  the  other  kept  mean  time,  each  with  great  exactness  at 
Edinburgh  in  the  year  1818,  on  being  sent  to  London,  every  precau- 
tion was  used,  that  nothing  should  tend  to  affect  or  alter  the  pendu- 
lums; the  siderial  clock  lost  about  18  seconds  a day  there,  and  the 
mean  time  clock  lost  about  21  seconds.  It  has  been  stated  by  some, 
that  the  gain  at  the  Pole  would  be  5 minutes  a day.  Captain  Phipps, 
in  his  voyage  towards  the  North  Pole  in  1772,  tried  the  going  of  a 
seconds  pendulum,  which  had  been  long  before  that  fitted  up  by  Mr 
George  Graham  to  vibrate  seconds  in  London,  at  the  temperature  of 
60°.  The  trial  was  made  on  a rocky  island  in  latitude  79°  50'  north. 
And  this  'pendulum  was  found  to  accelerate  from  72  to  73  seconds  a 
day.  The  difference  of  the  squares  of  the  sines  is  .3559,  and  by  the 
rule  gives  81.23  seconds  that  should  have  been  the  gain  in  a day. 

Captain  Kater,  who  is  eminently  qualified  to  make  experiments 
with  the  pendulum,  went  for  that  purpose,  in  1819,  to  Unst,  one  of 
the  most  northerly  of  the  Shetland  isles,  in  latitude  60°  44',  where  he 
found  it  to  have  36  seconds  of  acceleration  in  a day,  on  the  mean  time 
which  it  kept  at  London. 

The  sine  of  60°  44'  is  .8723,  the  square  is  .7609,  the  difference  is 
1482,  and  228.5  X .1482  = 33.86  seconds. 

228.5  log.  2.3588862 

.1482  log.  9.1708482 

33.86  seconds,  log.  1.5297344 

On  this  subject  there  is  a very  able  and  ingenious  paper  by  Captain 
Warren,  given  in  the  eleventh  volume  of  the  Asiatic  Besearches , 
which  see. 

It  is  well  known,  that  if  a body  P (Plate  III.  No.  13.)  in  place  of 
descending  vertically,  is  made  to  roll  down  on  an  inclined  plane  P S, 
when  it  arrives  at  S,  it  will  have  acquired  the  same  velocity  as  if  it 
had  fallen  in  the  perpendicular  line  P R,  but  after  a longer  time,  and 
if  from  the  point  R a line  is  drawn  perpendicular  to  the  inclined  plane 
P S,  the  space  P T will  be  that  which  the  body  P will  roll  down  in 
the  same  time  that  it  would  have  taken  to  fall  down  the  line  P R. 
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Ina  semi-circle,  such  as  A G C,  No.  14.  if  from  a point  G or  g 
wherever  placed  in  the  circumference,  lines  A G and  G C,  or  A g 
and  g C,  are  drawn  from  the  extremities  of  the  diameter  A 0,  a body 
falling  from  A to  G on  the  inclined  plane  A G,  or  from  G to  C on 
the  inclined  plane  G 0,  will  fall  always  exactly  in  the  same  space  of 
time  that  it  would  have  taken  to  fall  alonsr  the  vertical  line  or  diame- 

O 

ter  A C ; the  same  will  be  the  case  on  the  lines  A g and  g 0. 

The  simple  pendulum  C M,  No.  15.  in  its  state  of  rest,  takes  the 
vertical  line  C E,  because  it  cannot  fall  below  the  point  E ; when 
drawn  aside  from  E to  M it  will  be  raised  up  to  a height  equal  to 
H I,  F M,  or  E D , called  the  versed  sine  of  the  arc  E M ; falling  then 
from  M to  E,  it  will  accelerate  its  motion  according  to  the  observed 
law  of  falling  bodies;  arriving  at  E,  it  will  have  acquired  a velocity 
capable  of  raising  it  to  the  same  height,  it  will  then  go  as  far  as  I,  and 
will  describe  the  arc  E I ; these  two  arcs,  or  two  half  oscillations,  form 
one  oscillation,  or  one  whole  vibration. 

If  the  vibrations  are  very  great,  they  will  not  be  isochronal,  that 
is,  they  will  not  be  performed  in  equal  times,  should  they  be  a little 
enlarged  or  diminished ; for  the  oscillation  which  shall  begin  at  K 
will  be  sooner  completed,  than  that  which  shall  begin  at  M,  the  arc 
being  longer,  more  time  will  be  required  to  describe  it.  But  if  the 
vibrations  are  very  short,  such  as  one  or  two  degrees,  the  arcs  will  be 
almost  equal  to  their  chords,  which  must  be  easily  seen.  The  chords 
G C,  g 0,  No.  14.  are  always  fallen  through  in  equal  times,  and  so  will 
be  their  arcs,  at  least  they  will  be  somewhat  very  near  to  it. 

A simple  pendulum  is  understood  to  be  a heavy  body,  conceived 
to  be  in  one  fixed  point,  M,  No.  15.  and  suspended  to  a point  0 by  an 
inflexible  line  0 M,  supposed  to  be  without  weight,  and  without  re- 
sistance, either  from  the  point  of  suspension  C,  or  from  the  volume 
of  the  air  through  which  it  vibrates.  The  compound  pendulum  is 
that,  where  several  bodies  are  considered  to  be  fixed  on  the  line  C M ; 
if,  for  example,  in  place  of  supposing  the  mass  of  the  body  M to  be 
wholly  in  one  point  M,  we  suspend  a heavy  ball,  whose  semi-diame- 
ter is  M G,  or  that  the  line  C G has  itself  a certain  weight,  or  that 
there  are  two  weights  A 0,  on  the  line  S 0,  as  in  No.  1 6,  the  pen- 
dulum will  be  a compound  one,  because  its  weight  is  no  longer  in 
one  point,  but  is  found  distributed  on  different  parts  of  the  rod,  or  on 
the  diameter  of  the  ball. 

Although  a simple  pendulum,  (like  mathematical  lines  and  points 
may  he  defined ,)  yet  no  such  thing  can  exist  in  nature ; on  the  con- 
trary, all  pendulums  that  are  made  use  of,  have  a weight  distributed 
on  different  points  of  their  length  ; yet  in  calculation  it  becomes  re- 


126  THE  PENDULUM,  LAW  OF  FALLING  BODIES,  & C. 

quisite  to  reduce  them  to  the  simple  hind.  The  nearest  approxima- 
tion to  it  may  be  a small  ball  of  lead,  gold,  or  platinum,  suspended 
by  a thread  of  the  finest  silk,  or  by  a filament  of  a species  of  aloe, 
which  is  extremely  light,  and  not  affected  by  drought  or  moisture. 
Suppose  a pendulum  S C loaded,  not  only  with  one  weight,  but  with 
two,  (or  a greater  number,)  such  as  A and  C,  so  that  each  of  these 
weights  is  considered  as  reduced  to  a point ; it  may  easily  be  seen, 
that  this  new  pendulum  will  make  its  vibrations  faster,  than  if  it  had 
only  the  weight  0,  because  the  weight  at  A tends  to  make  its  vibra- 
tions with  the  same  precipitation  as  if  the  pendulum  had  only  the 
length  S A,  which  is  much  shorter ; and  it,  on  the  other  hand,  is  in 
part  retarded  by  the  weight  0,  which  cannot  make  its  vibrations, 
but  with  the  slowness  that  the  long  pendulum  S 0 requires  ; thus 
the  compound  pendulum  will  neither  be  isochrone  with  the  pendulum 
S C,  loaded  with  the  weight  0,  nor  with  the  pendulum  S A,  loaded 
with  the  weight  A,  and  its  velocity  will  hold  a mean  between  both, 
and  will  be  isochrone  only  with  another  simple  pendulum  S D,  whose 
length  must  be  sought. 

The  point  D is  called  the  centre  of  oscillation,  or  centre  of  percus- 
sion of  the  compound  pendulum ; thus  the  centre  of  oscillation  D 
is  the  point  where  all  the  weight  of  the  body  which  oscillates  might 
be  brought,  without  changing  the  time  of  the  vibrations.  It  is  also 
called  the  centre  of  percussion,  because  it  is  the  point  where  the 
whole  effort  combines,  where  the  percussion  must  be  the  strongest, 
and  where  all  the  parts  would  remain  in  equilibrium,  if  the  pendulum 
should  be  stopped  at  this  point;  supposing  that  the  point  of  sus- 
pension produced  no  resistance,  and  became  free  at  the  moment  of 
percussion.  As  the  weights  A C are  combined  together,  and  cannot 
move  one  without  the  other,  it  follows  that  each  of  the  weights  will 
distribute  its  effort,  and  will  communicate  it  to  all  the  others  in  pro- 
portion to  their  mass,  and  to  their  distance  from  the  point  of  suspen- 
sion S.  Thus  the  velocity  of  the  entire  body  will  keep  a mean, 
between  the  velocities  that  the  different  parts  would  effect  sepa- 
rately ; consequently  there  will  result  from  it  a common  effort, 
that  will  maintain  the  mean  between  all  the  others,  and  this  effort 
will  be  exerted  at  the  point  D,  as  their  common  centre ; so  that,  in 
any  other  point  that  should  be  higher  up,  the  upper  parts  would  act 
more  than  the  under  ones,  and  in  any  other  point  that  should  be  be- 
low the  centre  of  oscillation,  the  under  parts  C would  act  more  than 
the  former;  the  centre  of  oscillation  is  then  the  only  point  on  which 
all  the  parts  act  equally,  during  the  vibration  of  the  pendulum,  when 
going  to  mean  time.  And,  therefore,  to  find  the  centre  of  oscillation 
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I),  multiply  each  of  the  weights  by  the  square  of  its  distance  from 
the  point  S,  add  all  these  products  together,  and  also  the  products  of 
each  of  the  weights  by  their  distance  from  the  point  S,  and  divide 
the  first  sum  of  the  products  by  this  new  sum,  the  quotient  will  be 
the  length  sought  S D.  Suppose  the  length  of  the  pendulum  rod 
from  S to  the  point  C,  42  inches,  and  to  the  point  A,  36  inches,  the 
weights  A and  0 8 lb.  each.  Finding  the  length  S D by  this  rule, 
it  will  be  given  a little  more  than  39.2  inches.  The  more  elaborate 
calculations  for  this  purpose,  known  only  to  those  who  have  practised 
in  the  higher  branches  of  mathematics,  come  not  within  the  plan  pro- 
posed for  this  work. 

42  x 42  x 8 = 14112  42  x 8 = 336 

36  X 36  x 8 = 10368  36  X 8 = 288 


624)24480(39.2^  inches.  624 

It  is  well  known  that  a clock,  when  going  either  too  fast  or  too  slow, 
is  corrected  by  the  letting  down  or  raising  up  the  ball  of  the  pendu- 
lum, or,  in  common  language,  by  the  lengthening  or  shortening 
of  the  pendulum.  At  the  time  of  this  operation,  few  of  the  practi- 
cal artists  ever  think  of  the  determined  or  fixed  point  of  the  centre 
of  oscillation,  where  mean  time  can  only  be  produced  ; and  touching 
the  pendulum  in  this  way,  is  actually  no  more  than  to  arrange  or 
bring  all  the  parts  which  form  its  mass,  to  combine  their  efforts,  at  this 
part,  (or  centre  of  oscillation,)  so  as  to  give  the  time  required. 

To  mathematicians  it  is  known,  that  the  centre  of  gravity  in  a pen- 
dulum must  be  above  the  centre  of  oscillation,  the  latter  being  a fixed 
point,  the  other  not  so ; but  in  common,  both  are  above  the  centre 
of  the  ball;  yet  pendulums  having  a small  or  slender  rod  of  metal, 
such  as  brass  or  iron,  or  of  wood,  like  what  is  used  in  ordinary  clocks, 
will  come  very  near  the  clock-maker’s  purpose,  when  making  his  pen- 
dulum to  a length,  by  setting  off  the  centre  of  oscillation,  then  bring- 
ing near  to  it  the  centre  of  gravity.  For  this  purpose  the  pendulum 
is  laid  across  an  edge,  the  edge  of  a knife  for  example,  in  order  to  bring 
it  more  readily  to  an  equilibrium,  which  is  done  by  means  of  the  re- 
gulating nut  and  screw,  setting  the  ball  more  or  less  distant  from  the 
edge ; this  determines  the  point  or  centre  of  gravity.  The  pendulum 
ball  may  thus  be  brought  so  near  to  its  place,  that  when  regulating 
the  clock,  little  more  will  be  afterwards  required,  as  it  will  be  found 
going  at  or  very  near  to  time.  Were  these  things  attended  to,  pen- 
dulums would  be  better  formed,  and  much  time  saved. 
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The  centre  of  oscillation  is  understood  here,  to  be  a point  on  the 
seconds  pendulum  rod  or  ball,  measured  off  at  89.2  inches  from  the 
point  of  suspension,  (or  rather  89.126  inches,  but  the  former  is  per- 
haps easier,  and  any  of  them  is  near  enough  for  the  purpose,)  or  from 
that  point  where  the  pendulum  spring  bends  when  the  pendulum  vi- 
brates. With  pendulums  having  heavy  balls  and  compound  rods, 
such  as  the  Gridiron,  or  zinc  tube  pendulums,  or  even  the  mercurial 
one,  with  its  slender  rod,  it  becomes  a very  intricate  calculation  in 
the  science  of  Dynamics,  for  which  few  are  competent,  to  get  the 
exact  place  or  point  for  the  ball,  or  that  of  the  centre  of  gravity  for 
the  pendulum,  as  shall  co-operate  with  the  centre  of  oscillation  ; va- 
rious and  minute  circumstances  will  contribute  greatly  to  affect  the 
relative  situation  of  these  points,  and  none  more  so  than  that  of  the 
pendulum  spring,  according  to  its  strength  or  thickness;  as  will  after- 
wards be  shown. 

On  this  subject,  see  Montucla's  Histoire  des  Mathematiques , tome  se- 
cond. Article  III.  p.  421 . The  preceding  was,  however,  written  be- 
fore we  had  an  opportunity  of  seeing  Montucla. 

What  the  relative  situation  of  these  centres  was  in  some  of  our 
pendulums,  shall  now  be  stated  for  the  information  of  those  who  may 
take  an  interest  in  a subject  so  curious  as  this  is. 

A wooden  rod  pendulum,  weighing  10  lbs.  10£  oz.  of  which  the 
ball  was  10  lbs.  the  centre  of  gravity  was  .8  of  an  inch  above  the 
centre  of  the  ball  and  .7  of  an  inch  above  the  centre  of  oscillation. 
Another  pendulum  of  the  same  kind,  the  ball  of  which  weighed  7 lbs. 
13^  oz.  the  rod,  regulating  nut,  steel  wires,  brass  mounting,  and  pen- 
dulum spring  11^  oz. ; the  centre  of  gravity  was  above  the  centre 
of  the  ball  1.5  inch,  and  above  the  centre  of  oscillation  1.35  inch. 
One  of  this  sort,  whose  ball,  regulating  nut,  and  socket,  weighed  9 lb. 
2f  oz. ; the  wooden  rod,  with  the  regulating  screw  fixed  on  it,  the 
brass  mounting  on  it,  pendulum  spring  and  top  piece,  6 oz.  2 drs.; 
in  all,  9 lbs.  8.875  oz.,  the  thickness  of  the  pendulum  spring  .006  of 
an  inch,  the  centres  of  the  ball,  and  that  of  oscillation  nearly  coin- 
cided at  39.2  inches,  the  centre  of  gravity  was  about  .8  of  an  inch  or 
a very  little  higher  above  them. 

A gridiron  pendulum,  the  ball  of  which  weighed  16  lbs.  3£  oz., 
and  in  all,  with  the  rods,  19  lbs.  9£  oz.  The  centre  of  gravity  was 
4.75  inches  above  the  centre  of  the  ball,  and  2.42  inches  above  the 
centre  of  oscillation.  Another  pendulum  of  this  sort,  the  ball  weighed 
10  lbs.  8 oz.,  and  the  rods,  &c.  5 lbs.  13  oz.,  the  whole  16  lbs.  5 oz. 
The  centre  of  gravity  in  it  7 inches  above  the  centre  of  the  ball, 


PENDULUM  SUSPENSION  SPRING. 


129 


and  4 inches  above  the  centre  of  oscillation.  A zinc  tube  pendulum 
weighed  21  lbs.  15  oz.,  of  which  the  ball  was  18  lbs.  7-J-  oz.  The 
centre  of  gravity  above  the  centre  of  the  ball  about  2.63  inches,  and 
above  the  centre  of  oscillation  1.53  inch.  A pendulum  after  Ward's 
plan,  the  zinc  and  steel  bars,  &c.  weighed  2 lbs.  13^  oz.,  the  ball  12 
lbs.  13  oz.,  in  all  15  lbs.  10i  oz.  The  centre  of  oscillation  was  above 
the  centre  of  the  ball  1.55  inch;  the  centre  of  gravity  had  been  omit- 
ted to  be  taken. 

A mercurial  pendulum,  which  weighed  in  all  about  14  lbs.  2 oz. ; 
the  centre  of  oscillation  in  it  was  4.75  inches  above  the  sole  of  the 
jar ; the  column  of  mercury  was  about  6.75  inches,  of  which  near  to 
four  inches  were  below  that  centre. 

Peter  Le  Roy  thought  it  possible  that  the  pendulum  spring  of  a 
clock  might  be  so  formed,  that  the  long  and  the  short  vibrations 
should  be  performed  in  equal  times.  See  his  Memoire , page  15,  at 
the  end  of  “ Voyage  fait  par  Ordre  du  Boi , en  1768,  pour  eprou- 
ver  les  Montres  Marines  imentees  par  M.  Le  Boy , Paris , 17 70. 
This  is  exactly  what  was  suggested  long  ago  by  our  countryman 
John  Smith,  CM.  See  his  Horological  Disquisitions , p.  48.  Lon- 
don, 1694.  Berthoud  appears  to  have  sometime  afterwards  taken  up 
the  same  opinion.  In  his  Supplement  au  Traite  des  Montres  a 
Longitude , Paris,  1807,  he  says,  p.  38,  “ Nous  terminerons  ces  Notes 
en  observant  que  la  suspension  a resort  bien  construite  tend  d rend/re  iso- 
chrones les  oscillations  de  penduled 

We  are  humbly  of  opinion  that  this  is  not  to  be  obtained  by  means 
of  the  pendulum  spring,  unless  the  pendulum  is  made  to  vibrate 
larger  arcs  than  would  be  consistent  with  good  time-keeping.  But, 
by  endeavouring  to  obtain  isochronism  in  the  way  alluded  to,  it  may 
be  asked,  whether  the  pendulum  should  be  left  in  any  degree  under 
the  influence  of  the  pendulum  spring,  which  in  this  case  would  of 
course  take  away  somewhat  of  that  influence  which  gravity  must  na- 
turally have  on  the  pendulum  ball ; or  by  keeping  the  pendulum 
spring  no  stronger  than  is  requisite  to  sustain  the  pendulum  properly, 
and  to  allow  gravity  to  have  its  influence  as  freely  and  independently 
as  possible,  seems  to  be  a question  that  appears  should  be  decided  in 
favour  of  allowing  gravity  to  exert  its  utmost  influence  and  force. 
This  conclusion  is  founded  on  an  experiment  which  we  made  a few 
years  ago  with  a wooden  rod  pendulum,  the  ball  of  which  weighed 
ten  pounds,  the  pendulum  spring  was  about  .016  parts  of  an  inch 
thick,  three  quarters  of  an  inch  long,  and  nearly  half  an  inch  broad. 
This  pendulum,  previous  to  the  said  spring  being  applied  to  it,  had 
one  which  was  a little  thinner,  and  much  about  the  same  length  and 
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breadth,  and  with  it,  had  been  going  for  some  time  at  a clock,  which, 
after  being  regulated,  kept  very  close,  and  extremely  near  mean 
time.  The  clock  escapement  was  of  the  spring  pallet  kind,  the  same 
as  represented  in  Plate  VI.  No.  35.  During  the  time  that  the  mo- 
tion of  the  pendulum  was  kept  up  with  the  clock  by  the  force  of  the 
pallet  springs,  the  arc  of  vibration  described  on  each  side  the  point  of 
rest,  was  very  little  more  than  two  degrees.  The  pendulum  remain- 
ing in  its  place,  having  the  same  length  as  before,  (and  the  clock 
with  its  escapement  being  detached  from  it,)  was  then  made  to  vibrate 
an  arc  of  two  degrees  and  a half  on  each  side  the  point  of  rest,  in  eight 
minutes  it  lost  one  second,  and  on  being  made  to  describe  an  arc  of 
one  degree  and  twenty  minutes  on  each  side,  it  lost  also  one  second  in 
the  same  space  of  time : one  second  in  eight  minutes,  would,  in  twenty- 
four  hours,  be  equal  to  180  seconds,  or  three  minutes,  slower  (in  that 
state  of  the  pendulum)  than  when  connected  with  the  clock  and 
escapement.  Had  the  pendulum  spring  been  made  thinner,  or  of  such 
a strength  as  properly  to  support  the  pendulum  and  a little  more,  the 
arc  of  vibration  would  have  been  greater,  when  the  pendulum  was 
impelled  by  the  escapement  or  pallet  springs,  consequently,  from  the 
greater  extent  of  the  arc  of  vibration,  the  clock  would  go  slow ; to 
correct  which,  the  ball*  would  require  setting  up.  Hence  the  time  in 
the  detached  state,  and  that  when  connected  with  the  escapement, 
would  have  been  more  nearly  equal,  from  which  it  appears  that  the 
pendulum  should  be  more  under  the  influence  of  gravitation,  and  less 
under  that  of  the  pendulum  spring.  When  the  thicker  spring  was 
put  to  the  pendulum,  the  influence  of  it  was  such,  that  before  the 
clock  could  be  brought  to  time,  the  pendulum  ball  was  obliged  to  be 
let  down  about  an  inch.  There  are  some  escapements  which  have  a 
tendency  to  retard  the  vibrations  of  the  pendulum,  others  to  accelerate 
them;  a moderate  recoil,  or  a dead  beat,  are  of  the  first  sort;  those 
which  are  composed  of  springs,  or  which  have  a considerable  recoil, 
are  of  the  last.  It  would  be  a good  criterion  of  a clock  and  its  escape- 
ment, if  the  pendulum,  when  tried  in  the  detached  state,  should  per- 
form its  vibrations  in  the  same  time  as  when  attached  to  the  clock; 
but  it  is  a painful  and  tedious  task  to  count  the  vibrations  of  a de- 
tached pendulum  for  an  hour  or  two,  and  any  artificial  mode 
of  ascertaining  the  number  might  ultimately  prove  an  unfair  trial. 
Calculation  for  the  length  of  pendulums  being  founded  on  their  vi- 
brations, as  exhibited  in  their  most  simple  state , when  strong  springs 

* Ball,  or  Bob,  of  a pendulum,  is  a general  name  for  the  mass  or  weight  applied  near  to 
the  lower  end  of  the  rod,  without  any  regard  to  the  figure,  which  is  commonly  lenticular ; it 
may  be  globular,  conical,  two  frustrums  of  cones,  &c.  &c. 
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are  put  to  them,  so  much  additional  length  of  rod  is  required,  that 
the  clock-maker  is  often  surprised,  and  put  to  some  trouble,  by  the 
unforeseen  consequences  that  result  from  them. 

Berthoud  made  some  experiments  to  see  whether  the  knife  pivot,  or 
spring  suspended  pendulums  in  a detached  state,  would  longest  main- 
tain their  vibrations,  and  found  them  in  favour  of  the  former : hence 
he  concluded  that  the  edge  or  knife  pivot  was  the  better  suspension  ; 
but  this  was  not  a fair  inference,  at  least  it  was  not  an  inference  that 
perhaps  time  would  have  warranted.  In  time,  the  friction  of  the 
knife  pivot  gets  so  much  increased  by  its  wearing,  and  that  of  the 
groove  in  which  it  acts,  particularly  if  the  ball  should  be  heavy,  and 
the  semi-arc  of  vibration  more  than  a degree,  or  if  even  so  much,  that 
the  former  superiority  of  the  knife  pivot  over  that  of  the  spring 
would  soon  be  at  an  end.  He  did  not  afterwards  acknowledge  this 
openly,  but  his  tacit  acknowledgment  is  sufficiently  strong,  by  adopt- 
ing at  last  the  pendulum  spring  as  the  better  suspension,  and  Harri- 
son’s gridiron  pendulum  as  the  best  mode  of  compensation.  It  must 
be  observed,  that  Berthoud  had  compensation  pendulums  fitted  up  in 
various  ways,  some  of  them  nearly  like  to  that  of  Harrison’s.  Since 
these  experiments  of  Berthoud’s  were  made,  a very  beautiful  con- 
trivance has  been  adopted  with  the  knife  pivot,  which  is,  by  making 
the  groove  look  downward,  and  the  edge  upward;  this  prevents  dust, 
when  falling,  from  lodging  or  getting  to  the  inside  of  the  groove. 

It  has  been  said  by  some  ingenious  philosophers,  that  the  motion 
of  a pendulum  must  be  affected  by  different  densities  of  the  atmo- 
sphere, which  certainly  is  a circumstance  very  reasonable  to  suppose, 
and  future  experience  or  observations  may  yet  be  brought  forward  to 
show  the  result  or  the  effects  of  these  on  the  pendulum.  Indeed, 
this  has  already  in  some  measure  been  done  by  Mr  Rittenhouse,  an 
eminent  Swiss  residing  in  America,  who  says,  “ that  a change  in  the 
barometer,  from  28  to  31  inches,  will  make  an  alteration  in  the  going 
of  a good  astronomical  clock,  to  the  amount  of  half  a second  in  a 
day,”  an  error  or  change  of  rate  that  cannot  be  called  great,  consider- 
ing that  the  whole  range  of  the  barometer  is  required  to  produce  it: 
therefore,  any  partial  change,  even  that  of  an  inch,  we  may  suppose, 
cannot  greatly  alter  the  rate  of  the  clock.  To  compensate  these  ef- 
fects would  be  a very  difficult  matter,  in  whatever  way  it  may  be 
done,  whether  by  the  pendulum,  or  any  sort  of  mechanism  put  to  the 
escapement,  because  any  difference  in  the  extent  of  the  arcs  of  vibra- 
tion, arising  solely  from  this  cause,  must  nevertheless  be  extremely 
small,  at  least  so  we  suspect;  and  this  is  greatly  confirmed  by  the 
small  difference  that  there  is  between  the  length  of  a pendulum  vi- 
brating seconds  in  vacuo  and  in  common  air,  as  late  experiments 
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make  the  length  of  a pendulum  vibrating  seconds  in  vacuo  in  the 
latitude  of  London  to  be  - - - - 39.1386  inches 

Desagulier  states  the  length  of  a seconds  pendulum  39.128 
Others  have  its  - - - - - - 39.126 

By  trials  at  Edinburgh  to  get  the  length,  we  made  it  39.192 
In  our  calculations  it  was  generally  taken  at  - - 39.2 

For  the  clock-maker’s  purpose,  any  of  the  lengths  may  be  taken,  and 
the  results  cannot  materially  differ. 

Mr  Rittenhouse’s  contrivance  for  correcting  the  error  caused  by 
the  different  densities  of  the  air,  is  a large,  hollow,  and  light  ball, 
placed  on  the  upper  end  of  the  pendulum  rod,  in  an  opposite  direc- 
tion to  that  of  the  pendulum  ball;  of  this  we  can  say  nothing,  hav- 
ing had  no  experience  of  it.  There  are  other  causes  which  affect  the 
extent  of  the  arcs  of  vibration,  of  a more  powerful  nature  than  that 
of  changes  in  the  densities  of  the  atmosphere,  and  these  are,  cold  in 
winter,  and  heat  in  summer,  which  will  operate  on  the  pendulum 
spring  in  such  a manner  that  the  vibrations  in  summer  will  be  longer 
than  those  in  winter,  making  a difference  perhaps  of  three  or  four 
minutes,  or  more,  of  a degree.  Any  changes,  however  small , on  the 
strength  of  the  pendulum  spring,  will  be  easily  perceived  on  the  ex- 
tent of  the  arcs  of  vibration,  whether  arising  from  different  tem- 
peratures or  different  thicknesses.  Cold  in  winter  will  stiffen  it 
or  make  it  more  rigid,  and  summer’s  heat  will  relax  it.  The  same 
causes  ought,  and  must  inevitably  produce  the  same  effect  on  the 
pallet  springs,  but  the  body  or  mass  of  the  pendulum  spring 
being  so  much  greater  than  that  of  the  pallet  springs,  the  im- 
pression or  effect  of  heat  and  cold  on  it , is  in  a much  greater 
ratio  than  it  is  on  them.  And  this  ratio  will  increase  accord- 
ing to  the  thickness  of  the  pendulum  spring.  The  short  arcs 
in  winter  must  be  attributed  to  the  increased  tensity  of  the  pendu- 
lum spring  from  cold,  and,  when  relaxed  by  the  heat  in  summer, 
allows  the  pendulum  to  vibrate  to  a greater  extent.  A clock  hav- 
ing the  spring  pallet  escapement,  or  an  escapement  with  a spring 
suspended  pendulum,  compensation  pendulums  for  such,  must  be 
made  not  only  to  correct  the  lengthening  or  shortening  of  the  rod  from 
changes  of  temperature,  but  the  compensation  must  be  made  so  much 
in  excess,  as  to  correct  the  long  vibrations  of  summer,  and  the  short 
ones  of  winter.* 

If,  in  place  of  a pendulum  spring,  we  adopt  the  knife  edge*f*  for 

* As  platinum  is  less  affected  by  changes  of  temperature  than  steel,  it  might  be  an  improve- 
ment to  have  the  suspension  spring  of  that  metal. 

t Knife-edge  implies  a sharp  instrument,  but  is  here  merely  a technical  term  : when  used 
to  carry  a heavy  pendulum,  it  is  formed  like  a short  wedge  with  a long  edge,  the  sharp  angle 
of  which  is  rounded  off  a little,  or  blunted  in  a small  degree. 
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the  pendulum  to  vibrate  on,  it  will  not  have  the  same  causes  of  error 
from  changes  of  temperature  which  took  place  with  the  pendulum 
spring,  but  there  still  must  be  a small  difference  in  the  arcs  of  vibra- 
tion, arising  from  the  effects  of  heat  and  cold  on  the  pallet  springs, 
and  which  will  be  shown  in  a contrary  way  to  those  where  a pendu- 
lum spring  is  used:  nothing  but  heat  and  cold  can  operate  on  the 
length  of  the  rod  of  a pendulum  vibrating  on  an  edge,  yet  the  cold 
in  winter  will  make  the  pallet  springs  a little  stiffer ; by  this  they  will 
act  more  forcibly  on  the  pendulum,  and  cause  it  to  vibrate  a little 
more  out.  On  the  other  hand,  the  heat  in  summer  will  relax  them, 
which  consequently  will  lessen  the  arc  of  vibration.  In  the  case  of 
the  spring  suspended  pendulum,  the  compensation  was  required  to 
be  in  excess,  as  has  already  been  mentioned;  and  in  this  of  the  pen- 
dulum acting  on  an  edge,  the  compensation  for  heat  and  cold  on  the 
pendulum  rod  must  be  made  a little  deficient,  the  increased  length 
of  the  arc  in  winter,  and  the  decreased  arc  in  summer,  supplying  what 
is  wanted  in  the  compensation.  It  would  be  a very  difficult  matter 
to  determine  that  strength  of  pendulum  spring  which  would  support 
a pendulum  properly;  the  strength  should  in  some  degree  be  propor- 
tionable to  the  weight  of  the  ball,  because,  if  they  are  too  thin,  and 
on  getting  a little  relaxed  by  heat,  the  weight  of  the  ball  may  be  so 
great  as  to  oppose  the  spring  contracting  on  a return  of  cold;  if  they 
are  too  thick,  then  the  bad  consequences  which  have  been  previously 
shown  will  ensue.  Yet  there  are  artists  who  have  said,  that  a pen- 
dulum spring  might  be  made  as  thick  as  the  twentieth  part  of  an 
inch,  or  more,  if  you  will ; there  was  certainly  no  knowledge  of  the 
subject  displayed  in  saying  so.  When  the  weight  of  a pendulum 
ball  runs  from  ten  to  twenty  pounds,  the  thickness  of  the  pendulum 
spring  may  go  from  .008  to  .016  parts  of  an  inch;  not  that  these  are 
fixed  points,  and  are  by  no  means  given  here  as  such,  but  they  are 
nearly  about  the  thickness  of  those  pendulum  springs  which  we  have 
been  in  the  practice  of  making  use  of.  It  is  a curious  enough  circum- 
stance, that  when  a pendulum  spring  is  polished  down  to  any  gauge  for 
its  thickness,  it  will  not  go  into  the  gauge  after  being  blued,  getting- 
on  it,  by  this  process,  a coat  of  enamel,  which  adds  both  to  its  thick- 
ness and  elasticity.  It  is  well  known  to  watch-makers,  that  after 
watch  pendulum  springs  are  blued,  their  elasticity  is  so  much  in- 
creased, that  watches,  when  going  at  time  with  them  in  the  white 
state,  are  now  found  to  go  much  faster  than  before : there  is  no  doubt 
a considerable  difference,  in  the  time  kept,  would  be  seen  between  the 
white  and  blue  state  by  such  a change  in  the  pendulum  spring  of  a 
clock,  was  the  experiment  properly  tried. 
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M.  Le  Roy,  in  his  Memoir e,  which  has  been  already  quoted,  men- 
tions an  experiment  he  made  with  a spring  fitted  up  expressly  for  the 
purpose  of  seeing  the  effects  of  change  of  temperature,  which  he 
placed  in  a horizontal  position : one  end  being  fixed,  on  the  other  a 
weight  was  suspended,  which  fell  or  rose  from  the  spring  getting  heat 
or  cold,  and  the  changes  of  temperature  were  seen  and  pointed  out 
by  a long  index  on  a graduated  arch;  for  the  first  six  months  the 
changes  were  obvious,  and  became  afterwards  gradually  less  so;  the 
weight  during  cold  being  up  a little  way,  then,  on  applying  some  de- 
gree of  heat  to  the  spring,  the  weight  came  down,  and  did  not  again 
return  to  its  former  position ; perhaps  the  eat  applied  may  have  been 
greater  than  the  heat  of  our  atmosphere  in  the  warmest  summer.  This 
experiment,  however,  serves  little  for  the  purpose  of  clock  pendulum 
springs,  the  circumstances  being  no  way  similar. 

Having  shown  that  the  effects  of  temperature  on  spring  pallets, 
and  on  the  pendulum  spring,  may  be  compensated  by  an  excess  of 
compensation  in  the  pendulum  rod;  yet  should  this,  to  some,  be  un- 
satisfactory, other  means  should  be  pointed  out,  where  changes  of  tem- 
perature can  have  no  place  except  on  the  pendulum  rod.  In  those 
escapements,  such  as  the  common  recoil,  or  dead  beat,  where  the  pen- 
dulums are  suspended  by  a spring,  still  the  effects  of  the  change  of 
temperature  will  take  place  on  the  pendulum  spring,  though  this 
change  does  not  appear  to  have  been  observed;  where  a compensa- 
tion pendulum  is  used,  these  changes  might  have  been  either  com- 
pensated or  overlooked,  or  the  effects  of  them  so  little,  that  they  could 
not  be  well  ascertained. 

Let  then  a pendulum  be  suspended,  so  as  to  act  smoothly  and  freely 
with  a groove,  movable  upon  a well-finished  and  fixed  edge,  the 
groove  being  uppermost,  and  in  place  of  spring  pallets  to  have  small 
balls,  that  shall,  as  in  Mr  Cumming's  way , be  impelled  by  gravity 
alone  when  giving  impulse  to  the  pendulum,  which  in  the  same  lati- 
tude must  constantly  have  the  same  force,  and  cannot  be  influenced 
by  any  change  of  temperature,  (any  influence  on  the  arms  of  the  balls 
is  too  trifling  to  take  into  account,)  consequently,  whatever  errors 
were  attributed  to  the  clock,  arising  from  changes  of  temperature  on 
the  spring  pallets,  and  on  the  pendulum  spring,  would  be  completely 
done  away  by  adopting  the  knife  pivot,  and  making  use  of  gravity  to 
keep  up  the  motion  of  the  pendulum. 

But  it  is  very  doubtful,  if  greater  errors  might  not  come  in,  and 
take  place  of  the  former,  (nay,  it  is  even  probable,  they  may,)  arising 
from  the  friction,  and  wearing  of  the  edge  and  the  groove,  and  also 
from  the  slow  progress  or  motion  of  the  balls  when  falling;  or  when 
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raised,  the  swing  wheel  could  not  be  so  safely  locked  with  a nib,  or 
detent  of  that  shortness  which  the  spring  pallets  will  allow  ; and,  at 
all  events,  it  would  be  requisite  that  the  arc  of  vibration  of  the  pen- 
dulum should  be  very  limited,  in  order  to  lessen  as  much  as  possible 
the  friction  and  wearing  of  the  edge  and  groove;  forty-five  minutes 
of  a degree  on  each  side  the  point  of  rest,  would  perhaps  be  as  much 
as  the  pendulum  could  be  allowed  to  vibrate,  and  this  might  be  even 
too  much,  if  the  ball  was  of  a considerable  weight. 

Mr  Cumming,  in  his  escapement,  has  the  force  of  gravity  applied 
directly  to  the  regulator,  or  pendulum  itself.*  The  balls  where  this 
force  is  generated,  are  raised  up  by  the  swing  wheel  teeth.  When 
doing  so,  they  raise  the  balls  at  once  nearly  up  to  their  maximum  of 
height,  and  at  the  time  of  unlocking,  the  force  of  the  pendulum  is  so 
much  gone,  that  little  more  is  left  than  barely  to  unlock  the  wheel, 
any  height  given  beyond  that  to  which  the  wheel  raised  them  being 
extremely  trifling.  In  place  of  doing  so,  and  although  we  propose 
likewise  that  the  swing  wheel  teeth  shall  raise  up  the  balls,  yet  our 
unlocking  is  to  take  place  at  a time  when  the  force  of  the  pendulum 
is  at  its  greatest,  which  by  this  means  will  carry  the  balls  on  to  a 
height  still  greater  than  that  to  which  the  wheel  teeth  had  raised 
them,  and  they  will , on  the  return  of  the  pendulum,  impel  it  with  a 
force  derived  jointly  from  that  of  the  pendulum  itself,  and  from  the 
swing  wheel.  A small  number  of  grains,  Troy,  at  any  of  the  points 
of  the  swing  wheel  teeth,  when  in  a horizontal  position,  would  hold 
the  wheel  in  equipoise,  but  the  number  will  depend  on  the  length  of 
time  the  clock  is  made  to  go  without  requiring  to  be  wound  up.  A 
very  small  force  then  appears  to  be  sufficient  to  keep  a pendulous 
body  in  motion  when  once  put  into  it,  but  to  bring  it  aside  from  a 
state  of  rest  into  this,  requires  comparatively  a great  force,  which 
must  at  first  be  applied,  as  no  clock  can  of  itself  begin,  or  give  mo- 
tion to,  or  set  its  pendulum  a-going.  In  place  of  the  balls  being  on 
projecting  arms,  let  them  be  placed  immediately  behind  the  pallets; 
it  is  presumed  that  this  will  make  the  locking  safe,  and  with  detent 
nibs  rather  short  as  otherwise.  The  common  arbors  of  the  pallets 
and  detents,  though  concentric  with  the  verge  pivots,  and  with  the 
motion  of  the  crutch  and  anchor,  have  their  pivots  to  run  in  small 
cocks,  which  are  fixed  to  strong  ones,  such  as  what  the  spring  pallets 
were  fixed  to ; by  this  means,  the  pressure  of  the  swing  wheel  teeth  on 
the  detents,  will  have  no  interference  with  the  motion  of  the  verge 


* The  force  of  gravity,  as  well  as  of  springs,  was  very  early  used  in  clocks,  by  way  of  an  aux- 
iliary to  the  escapement,  but  not  in  so  direct  a way  as  has  since  been  done.  This  piece  of  me- 
chanism is  by  some  called  a Remonloir. 
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and  pendulum  during  the  interval  of  rest,  as  is  the  case  in  Mr  Cum- 
ming’s  plan,  which,  however  small  or  great  the  resistance  may  be 
arising  from  it,  is  here  removed : a drawing,  and  a more  detailed  de- 
scription of  this  escapement,  will  afterwards  be  given.  Now,  the  whole 
of  what  has  been  pointed  out,  we  are  humbly  of  opinion,  appears  to 
be  an  improved  kind  of  escapement,  where  the  gravity  of  balls  are  to 
keep  up  the  motion  of  the  pendulum. 

Although  it  has  been  proposed  to  remove  the  objections  that  may 
be  made  to  the  pendulum  spring,  and  the  pallet  springs  of  a clock, 
by  adopting  the  mode  of  making  the  pendulum  to  vibrate  on  an  edge, 
this  end  may  likewise  be  attained,  by  making  the  pendulum  to  vibrate 
on  and  between  friction  rollers,  which  is  perhaps  the  preferable  way 
of  the  two.  Suppose  two  large  rollers  to  be  fixed  on  a strong  steel 
arbor,  the  distance  between  them  one  inch,  the  large  one  three 
inches  in  diameter,  thickness  one  quarter  of  an  inch,  two  of 
which  are  fixed  on  the  same  arbor,  placed  about  an  inch  from  each 
other,  that  is,  the  space  between  them  one  inch ; two  arbors  are  run 
in  the  same  frame,  with  that  of  the  arbor  of  the  large  rollers,  each  of 
these  arbors  have  also  two  rollers  fixed  on  them,  the  diameters,  two 
inches,  and  thickness  two  tenths  of  an  inch,  placed  at  such  a distance 
from  each  other  as  to  go  outside  of  the  large  rollers,  and  all  of  them 
to  have  at  the  same  time  proper  freedom.  In  a line  perpendicularly 
up  from  the  centre  of  the  large  rollers,  the  pivots  of  a strong  and  thick 
steel  arbor,  lie  across  on  their  edges,  and  the  centre  of  the  small 
rollers  being  placed  in  a line  horizontal  to  the  upper  edge  of  the  large 
rollers,  or  rather  to  that  of  the  centre  of  the  pivots  of  the  strong  ar- 
bor, the  pivots  of  the  strong  arbor  are  kept  to  their  places  by  means 
of  the  edges  of  the  small  rollers.  Projecting  from  the  middle  of  the 
strong  arbor,  and  at  right  angles  to  it,  are  fixed  two  stout  pivots,  over 
which  the  upper  end  of  the  pendulum  rod,  formed  into  two  kinds  of 
eyes  or  hooks,  is  hung,  and  when  the  pendulum  vibrates,  the  pivots 
of  the  strong  arbor  move  on  the  edges  of  the  large  rollers,  and  be- 
tween the  edges  of  the  small  ones ; so  that,  by  them,  any  resistance 
to  the  motion  of  the  pendulum  may  easily  be  conceived  to  be  done 
away,  or  at  least,  very  much  reduced.  In  the  edges  of  the  large 
rollers,  a segment  may  be  taken  out  for  one  eighth  part  of  the  circum- 
ference, and  hard  pieces  of  stone,  fitted  in  and  formed  into  the  same 
circle;  on  these,  the  pivots  of  the  strong  arbor  turn,  all  the  rollers 
may  be  crossed  out,  so  as  to  be  as  light  as  possible,  and  yet  have 
strength  enough;  the  segment,  where  the  stones  are  set,  should  be 
kept  solid  into  the  centre,  and  banking  put  in  to  prevent  the  rollers 
getting  farther,  so  that  some  part  of  the  stones  shall  always  be 
under  the  pivots  which  lie  across  them;  near  to  the  ends  of  these 
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pivots,  cocks  should  be  fixed,  between  which  they  should  have  freedom 
to  move,  and  no  more.  In  a line  with  the  pivots  on  which  the  pendu- 
lum hangs,  brass  cocks  should  be  fixed  on  the  frame  which  contains 
the  rollers : into  these  cocks  run  the  pivots  formed  each  at  the  end 
of  strong  screws,  put  into  strong  iron  cocks,  fixed  to  the  iron  bracket 
which  supports  the  clock:  it  is  on  these  screw  pivots  that  the  frame 
and  rollers  will  freely  turn,  allowing  the  pendulum  to  hang  freely, 
easily,  and  perpendicularly  down.  The  brass  cocks  may  be  kneed 
and  so  formed,  as  to  serve  as  pillars  to  the  upper  end  of  the  roller 
frame;  two  common  pillars  being  at  the  lower  angles. 

Length  of  pendulum  is  of  advantage  to  the  time  keeping  of  a 
clock ; a half  seconds  pendulum  can  never  be  equal  to  that  whose  vi- 
brations are  made  in  a second,  nor  will  the  seconds  pendulum  be 
equal  to  that  which  makes  a vibration  in  two  seconds,  particularly 
in  turret  clocks.  Hindley  of  York  had  pendulums  put  to  some  of 
his  turret  clocks,  which  gave  a vibration  only  once  in  four  seconds ; but 
such  a pendulum,  requiring  a length  of  fifty-two  feet,  three  inches, 
and  two  tenths  of  an  inch,  is  not  an  easy  matter  to  fit  up ; it  will 
either  be  too  flexible  in  the  rod,  or,  if  it  is  made  stiff  enough,  it 
will  be  heavier  than  what  the  strongest  or  largest  turret  clock,  that 
has  hitherto  been  made,  is  well  calculated  to  carry;  but  where 
ingenuity  is  exerted  in  constructing  a pendulum  of  this  length,  it 
will  have  a prodigious  dominion  over  the  clock.  Having  never  seen 
or  met  with  a spring  clock,  where  advantage  was  taken  to  have  such 
a length  of  pendulum  as  the  case  would  have  admitted,  showed,  that 
either  the  value  of  length  was  not  understood  by  clock-makers,  or 
that  the  method  was  not  known  of  computing  numbers  for  the  teeth 
of  wheels  and  pinions,  so  as  to  give  such  a number  of  vibrations  as 
to  answer  for  that  length  of  pendulum,  which  would  have  suited  the 
case  in  which  the  spring  clocks  were  fitted ; hence,  we  are  led  to  infer, 
that  neither  were  known  to  them.  The  method  of  computation  has 
already  been  shown,  the  other  will  be  so  in  the  sequel. 

The  pendulum  of  a regulator,  or  astronomical  clock,  ought  to  swing 
in  as  free  or  open  space  as  can,  with  propriety,  be  taken  within  the 
case.  Cases  are,  in  general,  too  confined,  and  when  the  weight 
comes  down  opposite  to  the  pendulum  ball,  the  vibratory  motion  it 
has,  gives  agitation  to  the  air  between  it  and  the  weight,  which  must 
influence  the  vibrations  more  or  less,  consequently  must  affect  the 
time-keeping.  In  order  to  get  the  weight  as  much  to  a side  as  pos- 
sible, let  the  great  wheel  be  pretty  large  in  diameter,  and  the  centre 
of  it  on  a line  horizontal  to  the  centre  of  the  dial,  the  pulley  for  the 
weight  should  be  large  in  diameter  also,  which  will  have  the  effect  of 
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leading  the  weight  more  to  one  side  of  the  case.  Where  there  are 
two  wheels  from  or  between  the  centre  of  the  dial  and  that  of  the  great 
wheel  or  barrel,  they  will  allow  a greater  scope  for  this  purpose,  than 
where  there  is  only  one  wheel.  These  are  circumstances  which  have 
hitherto  been  unnoticed  by  clock-makers,  and  yet  when  they  are 
pointed  out,  nothing  can  be  more  simple  and  obvious.  The  body  of 
the  case  should  be  both  wide  and  deep,  not  less  than  14  inches  wide, 
and  8 inches  deep,  inside  measure;  a little  more  may  still  be  better, 
and  the  pendulum  hung  in  the  middle  of  the  space  between  the  back 
of  the  case,  and  that  side  of  the  weight  nearest  to  the  pendulum 
ball;  perhaps  openings  made  in  the  sides  of  the  case  opposite  to  the 
edges  of  the  pendulum  ball,  and  covered  over  outside  with  neat  cir-r 
cular  pieces  of  wood,  would  give  additional  freedom  to  the  air. 

A considerable  part  of  the  length  of  the  fall  for  a clock  weight, 
was  commonly  lost  by  our  clock-makers,  by  making  the  pulley  strap 
much  longer  than  was  necessary,  to  which  was  put  a hook  too  long 
also ; to  some  of  the  clocks  we  have  made,  such  defects  as  these  were 
completely  done  away,  in  the  method  we  took  with  pulleys  and 
weights. 

To  lead  the  going  weight,  as  much  as  possible,  to  one  side,  might 
be  done,  so  as  to  get  3 or  4 inches  more  of  fall,  which  would  be 
gaining  something  two  ways,  that  is,  more  length  of  fall,  and  tak- 
ing the  weight  at  the  same  time  out  of  the  way  of  disturbing  the 
pendulum  ball.  Let  two  rollers,  or  pulleys,  be  put  into  a brass  kind 
of  frame,  run  apart,  or  at  such  a distance  from  each  other  as  may  be 
thought  proper,  the  weight  being  hung  at  equal  distances  from  the 
centre  of  the  pulleys,  whose  diameters  may  be  one  inch,  or  one  inch 
and  a quarter,  or,  in  short,  whatever  diameter  the  artist  may  choose 
to  give.  To  an  arbor,  whose  pivots  run  in  the  frame,  is  fixed  a kind 
of  swivel,  which  comes  no  lower  down  than  just  to  allow  the  barrel 
cord  to  pass  freely  through  it.  The  frame  may  be  composed  of  two 
bars  of  brass,  about  5 or  6 inches  long,  three  quarters  of  an  inch 
broad,  and  a little  more  than  one-eighth  of  an  inch  thick;  the  ends 
of  the  bars  are  screwed  to  double  kneed  pieces  of  brass,  an  inch  in 
height  or  thereabouts,  by  way  of  pillars,  to  keep  the  frame  together. 
The  clock-case  will  require  to  be  a little  wider  than  ordinary,  to  ad- 
mit a pulley-frame  of  this  kind,  if  6 inches  in  length.  In  Plate  VII. 
No.  41,  a double  pulley,  like  what  has  been  proposed,  is  represented; 
it  will  easily  be  seen  how  the  barrel  cord  is  applied,  by  referring  to  the 
letters  a,  6,  c. 

To  show  that  room  in  the  inside  of  a case  is  so  necessary  for  a 
pendulum  to  swing  through,  we  shall  give  a detail  of  an  experiment 
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made  for  this  purpose.  A clock  with  a spring  pallet  escapement,  and 
zinc  tube  compensation  pendulum,  after  being  brought  to  mean  time, 
the  accumulated  gain  in  44  days,  viz.  from  the  16th  February  to  the 
1st  of  April,  1819,  amounted  to  one  second  only,  and  with  little  or 
no  greater  deviation  in  the  interim;  after  this,  it  gained  one  second 
a day,  and  sometimes  less.  Suspecting  that  the  pendulum  ball  might 
not  have  sufficient  room,  (what  it  had  was,  nevertheless,  fully  more 
than  usual,)  there  was  a piece  taken  out  of  the  back  of  the  case  be- 
hind the  pendulum  ball,  and  from  the  sides  opposite  to  the  edges  of 
the  ball.  The  clock,  when  again  set  agoing,  on  the  24th  of  April, 
had  the  semi-arc  of  vibration  of  the  pendulum  increased  25',  that 
is,  from  1 12',  the  former  arc  to  1°  37'  on  each  side  of  Zero,  and 
from  this  circumstance  alone,  the  clock  ought  to  have  gone  much 
slower;  whereas,  it  gained  at  the  rate  of  42  seconds  a day,  which  showed 
the  great  liberty  that  the  pendulum  had  acquired  when  swinging  in  less 
confined  air.  This  is  a thing  we  suppose  nobody  has  hitherto  seen 
or  suspected,  and  becomes  a very  nice  and  valuable  experiment,  so  far 
as  regards  the  fitting  up  clocks  for  astronomical  purposes.  The  edges 
of  the  openings  made  on  the  back  and  sides  of  the  case,  not  being, 
as  we  thought,  properly  chamfered  or  shelved  off,  on  this  being  after- 
wards done,  it  gave  the  air  more  freedom  to  pass  readily  over  them, 
and  the  pendulum  increased  its  semi-arc  of  vibration  a little  more, 
and  swung  out  now  to  1°  45'.  The  angle  of  escapement  being  21'  or 
22'.  A pendulum,  swinging  with  a greater  degree  of  freedom  than 
before,  ought  to  be  less  affected  by  the  different  densities  of  the  at- 
mosphere. 

Many  years  ago,  we  gave  an  opinion  to  one  or  two,  who  were  con- 
sidered ingenious  in  the  profession,  that  the  balances  of  watches  and 
chronometers,  were  made  to  vibrate  in  a too  confined  space : this  they 
seemed  to  consider  as  a thing  more  imaginary  than  real.  The  experi- 
ment just  now  mentioned,  with  the  freedom  given,  and  the  consequen- 
ces it  had  on  the  pendulum,  goes,  however,  a great  way  to  corroborate 
this  opinion.  To  make  such  experiments  with  watches  or  chronome- 
ters, would  come  to  be  so  great  an  expense,  both  of  time  and  money, 
that,  probably,  they  never  will  be  tried. 
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Having  the  length  of  a Pendulum,  to  find  the  number  of  vibrations  it 
must  make  in  an  hour;  and , vice  versa,  knowing  the  number 
of  vibrations  that  a Pendulum  makes  in  an  hour,  to  find  its  length , 
fyc.  Sfc. 

“ It  is  known  that  pendulums  which  describe  any  arc  whatever, 
give  their  vibrations  in  the  times  which  are  to  one  another,  as  the 
square  roots  of  the  lengths  of  these  pendulums,  and  that  the  lengths 
of  pendulums  are  to  one  another  as  the  squares  of  the  times  of  vibra- 
tion in  each,  and  the  longer  a pendulum  is,  the  more  time  it  will  take 
to  give  its  vibrations;  so  that,  if  the  lengths  of  two  pendulums  are 
to  one  another  as  four  is  to  one,  the  times  of  their  vibrations  will  be 
as  two  is  to  one,  the  square  roots  of  their  lengths ; from  whence  it 
follows,  that  in  the  time  the  pendulum  four  makes  one  vibration, 
the  pendulum  one  will  make  two.  It  also  follows,  that,  if  these  pen- 
dulums vibrate  during  a certain  time,  the  number  of  vibrations  will 
be  to  one  another  as  one  is  to  two;  that  is,  reciprocally  as  the  square 
roots  of  their  lengths.  The  lengths  of  two  pendulums  are  recipro- 
cally to  one  another,  as  the  squares  of  the  numbers  of  vibrations  made 
in  the  same  time.  If  then,  the  number  of  vibrations  that  a pendu- 
lum makes  in  a given  time  is  known,  and  the  length  of  the  pendulum, 
we  can  deduce  the  length  of  any  other  pendulum  if  the  number  of 
vibrations  which  it  must  give  in  a certain  time  is  known;  and  reci- 
procally the  length  of  a pendulum  being  given,  we  can  find  the  num- 
ber of  vibrations  which  it  must  give  in  a certain  time. 

To  find  the  length  of  a pendulum,  according  to  a given  number  of 
vibrations. 

Buie. — Multiply  the  number  of  vibrations  made  in  a minute  by 
the  standard,  or  second’s  pendulum,  (viz.  60,)  by  itself,  which  is 
squaring  it,  and  this  being  multiplied  by  the  standard  length  of  39.2 
inches,  and  the  last  product  divided  by  the  square  of  the  number  of 
vibrations  given  in  a minute,  by  the  pendulum  whose  length  is  re- 
quired, the  quotient  will  be  the  length  of  that  pendulum,  in  inches  and 
decimal  parts  of  an  inch. 
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Example. — To  find  the  length  of  a pendulum  which  shall  make  120 
vibrations  in  a minute. 

120  60 
120  60 


14400  : 39.2  : : 3600 
3600 


235200 

1176 


14400)141120.0(9.8  inches,  the  length  of  the  pendulum  which 
129600  was  required. 

116200 

115200 


The  time  of  the  vibrations  of  pendulums  are  in  the  direct  ratio 
of  the  square  roots  of  their  lengths,  and  the  number  of  vibrations 
made  in  a given  time,  are  in  the  inverse  ratio  of  the  square  roots  of 
their  lengths. 

Vib.  Vib.  In.  In. 

1202  : 602  : : 39.2  : 9.8  direct  ratio. 

603  : 39.2  : : 1202  : 9.8  inverse  ratio. 

In.  In.  Vib.  . . . Vib. 

9.8  : 39.2 : : 602  : 14400  | 120 

As  the  product  141120.0  is  that  which  arises  from  the  square  of 
60,  the  number  of  vibrations  given  in  a minute,  multiplied  by  39.2 
inches,  the  length  of  the  standard  pendulum,  it  will  be  unnecessary, 
in  any  future  example,  to  make  the  multiplication, — it  will  be  enough 
to  divide  this  number,  by  the  square  of  the  given  number  of  vibra- 
tions in  a minute,  to  obtain  the  length  of  any  pendulum  required. 
We  may  take  an  example  or  two  more,  in  order  to  make  the  rule  as 
obvious  as  possible  to  those  who  may  have  had  but  little  practice  with 
figures. 

It  is  required  to  have  the  length  of  a pendulum  whose  vibrations 
shall  be  30  in  a minute  ? 
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30 

30 

■ Inches.  Feet.  Inches. 

900)141120.0(156.8,  or  13  - 0.8  tlie  length  of  the  pendulum  required. 
900 


5112 

4500 


6120 

5400 


7200 

7200 


Let  the  vibrations  be  80  in  a minute,  what  is  the  length  of  the 
pendulum  \ 

80 

80 

" Tnebec  Ttwmipq 

6400)141120.0(22.05,  or  1 - 10xfo-,  the  length  required. 

12800 


13120 

12800 


32000 

32000 


Vibrations  100  in  a minute. 

100 


Vibrations  1 i0  in  a minute. 

140 


10000)141120.0(14.112  ins. 
10000 


41120 

40000 


11200 

10000 


12000 

10000 


5600 

140 


19600)141120.0(7.2  ins. 
137200 


39200 

39200 


20000 

20000 


Having  the  length  of  a pendulum, — to  find  the  number  of  vibra- 
tions it  will  give  in  a minute. 
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Rule. — Divide  the  constant  number  141120.0  by  the  length  of  the 
given  pendulum,  the  square  root  extracted  from  the  quotient  will  be 
the  number  of  vibrations  in  a minute. 


Example. — The  length  of  the  pendulum  given  is  6.272  inches : 
Required  the  number  of  vibrations  it  must  give  in  a minute  ? 


Inches. 


6.272)141120.000(22500 

12544 


15680 

12544 


31360 

31360 


000 


1 

1 


25 

5 


22.500(150  the  number  of  vi- 
1 brat  ions  in  a mi- 

nute  required. 

125 

125 


30|000 


The  length  of  a pendulum  being  156.8  inches : Required  the  num- 
ber of  vibrations  it  will  give  in  a minute  l 


156.8)141120. 0(900(30,  the  number  of  vibrations  it  will  give  in  a 
14112  9 minute. 


00  00 

Let  the  length  of  a pendulum  be  9.03168  inches:  Required  the 
number  of  vibrations  it  will  give  in  a minute  ? 

9.03168)141120.00000(1,56,25(125  vibrations  will  be  given  in  a minute. 
903168  ....  1 


5080320  22|56 

4515840  2|44 

5644800  245(1225 
5419008  5|1225 

2257920 

1806336 


4515840 

4515840 


To  those  who  can  make  use  of  logarithms  in  computing  the  lengths 
of  pendulums,  or  the  number  of  their  vibrations  in  a minute,  they 
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will  find  them  much  neater  and  easier  perhaps  than  in  the  foregoing 
examples,  done  by  the  common  rules  of  multiplication,  division,  and 
the  extracting  the  square  root.  In  order  to  show  the  difference,  we 
shall  give  a few  examples  of  each  done  by  logarithms.  It  is  not  to 
be  thought  that  every  clock  and  watch-maker  can  apply  these  rules 
to  serve  his  purpose,  even  if  he  should  know  as  much  of  arithmetic 
or  of  logarithms  as  are  requisite.  It  becomes  necessary  for  many 
that  their  application  should  be  shown,  which  are,  however,  of  great 
advantage  to  those  who  know  how  to  apply  them.  For  instance, 
having  a spring  clock  case  of  a given  length  or  height,  which  should 
admit  a pendulum  of  as  much  length  as  can  with  propriety  be  put 
into  it,  length  of  pendulum,  as  has  already  been  observed,  being  al- 
ways absolutely  necessary  to  good  time  keeping;  but,  it  so  happens, 
that  the  cases  of  most  spring  clocks  which  are  seen,  would  have  al- 
lowed a much  greater  length  of  pendulum  than  was  taken,  arising 
solely  from  that  want  of  knowledge  necessary  in  the  calculation  of  the 
train,  or  of  the  numbers  of  teeth  of  the  wheels  and  pinions  requisite 
to  produce  any  given  length.  We  shall,  in  the  course  of  this  work, 
have  occasion  to  make  use  of  rules  taken  from  conic  sections,  or  men- 
suration of  solids,  in  the  calculating  of  several  things  connected  with 
clock-making,  such  as  the  solid  contents  of  the  going  and  striking 
weights,  of  the  solid  contents  of  the  pendulum  ball,  whether  it  may 
be  composed  of  equal  parts  of  a sphere,  or  lenticular  form,  or  of  two 
equal  frustrums  of  cones,  globular,  or  cylindrical,  things  requiring 
to  be  properly  sized  both  as  to  shape  and  weight.  And  if  the  clock - 
maker  is  any  way  desirous  of  having  his  work  as  it  ought  to  be,  he 
will  find  these  rules  both  easy  and  convenient,  the  more  so  by  having 
them  inserted  at  the  particular  places  of  their  application ; as  it  is  dis- 
tracting to  be  looking  for  rules  elsewhere,  sometimes  not  knowing 
them,  or  even  where  to  look  for  them,  but,  by  this  method , both  trouble 
and  memory  will  be  saved. 

Having  the  number  of  vibrations  given  in  a minute,  to  find  (by 
logarithms)  the  length  of  the  pendulum. 

Buie. — Take  the  logarithm  of  the  given  number  of  vibrations  in  a 
minute,  and  double  it ; the  sum  subtracted  from  the  constant  loga- 
rithm 5.1495886,  the  remainder  will  be  the  logarithm  of  the  length 
of  the  pendulum.  The  constant  logarithm  5.1495886  is  the  logarithm 
of  the  constant  and  standard  number  141120.0;  in  place  of  using  it , 
we  now  make  use  of  its  logarithm. 
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Example. — The  number  of  vibrations  given  in  a minute  is  120: 
Required  the  length  of  the  pendulum  \ 

Standard  number,  141120.0  - - log.  5.1495886 

Vibrations  given,  120,  logarithm,  2.0791812,  double 

of  which  is,  - - log.  4.1588624 

Length  of  pendulum,  9.8  inches,  equal  to  - remaining  log.  0.9912262 

The  number  of  vibrations  in  a minute  is  30:  Required  the  length 
of  the  pendulum  l 

Standard  number,  141120.0  - - log.  5.1495886 

Vibrations,  30,  log.  1.4771213,  double  of  which  is  log.  2.9542426 

Length  of  pendulum,  156.8  inches,  equal  to  remaining  log.  2.1953460 

The  number  of  vibrations  in  a minute  is  80 : Required  the  length 
of  the  pendulum  ? 

Standard  number,  141120.0  - constant  log.  5.1495886 

Vibrations  80,  log.  1.9030900,  double  of  which  is  log.  3.8061800 

Pendulum  22.05  inches,  equal  to  - remaining  log.  1.3434086 

The  number  of  vibrations  in  a minute  is  100:  Required  the  length 
of  the  pendulum  ? 

Standard  number  141120.0  constant  log.  5.1495886 

Vibrations  100,  log.  2.0000000,  double  of 
which  is  - log.  4.0000000 

Pendulum,  14.112  inches,  equal  to  - remaining  log.  1.1495886 

Having  the  length  of  a pendulum  in  inches,  and  decimal  parts  of 
an  inch,  to  find  by  logarithms  the  number  of  vibrations  it  will  make 
in  a minute  ? 

Buie. — From  the  constant  logarithm,  5.1495886,  subtract  the  loga- 
rithm of  the  given  length,  half  of  the  remainder  will  be  the  logarithm 
of  the  number  of  vibrations  in  a minute. 

Example. — The  length  of  the  pendulum  given,  is  9.8  inches : Re- 
quired the  number  of  vibrations  it  will  give  in  a minute  ? 

Constant  log.  5.1495886 
Length  of  pendulum  9.8  inches,  log.  0.9912261 

2)4.1583625 

Vibrations. 

120  log.  2.0791812 

K 
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The  length  of  pendulum  156.8  inches:  Required  the  vibrations  in  a 
minute  ? 

Constant  log.  5.1495886 

Inches. 

Length  of  pendulum  156.8  log.  2.1953460 


Vibrations. 

30  - - 

The  length  of  pendulum  is 
9.01368  inches:  Required  the 
vibrations  in  a minute  ? 

Constant  log.  5.1495886 

Inches,  9.01368,  log.  0.9549022 
2)4.1946864 
125  vibrations,  log.  2.0973432 


2)2.9542426 
log.  1.4771213 

The  length  of  pendulum  22.05 
inches : Required  the  vibrations 
in  a minute  ? 

Constant  log.  - 5.1495886 

Inches,  22.05,  log.  1.3434086 
2)3^8061800 
80  vibrations,  log.  1.9030900 


What  has  already  been  said  on  finding  the  lengths  of  pendu- 
lums, according  to  their  number  of  vibrations  in  a minute,  and  vice 
versa , is  sufficient  for  the  clock-maker’s  purpose.  Yet,  for  the  sake 
of  such  as  may  wish  to  instruct  themselves  more  on  the  subject,  we 
shall  exhibit  it  under  a different  view.  Heretofore , we  have  taken 
the  length  of  the  standard  pendulum  at  39.2  inches,  and  the  vibra- 
tions 60  in  a minute ; we  shall  now  take  the  pendulum  at  39.126 
inches,  and  the  vibrations  86400,  which  is  the  number  of  seconds  in 
24  hours.  The  square  of  86400  is  7464960000,  which  being  mul- 
tiplied by  39.126  inches,  the  length  of  the  standard  pendulum,  we 
shall  have  292074024960.000 ; this  being  constantly  divided  by  the 
square  of  any  other  number  of  vibrations  made  by  a pendulum  in  24 
hours,  the  quotient  will  be  the  length  of  the  pendulum.  Likewise, 
if  the  constant  number  is  divided  by  any  given  length  of  pendulum, 
the  quotient  will  be  the  square  of  the  number  of  vibrations  it  will 
give  in  24  hours,  which  will  be  found  by  extracting  the  root.  For 
example,  if  a clock  gains  a minute  in  a day,  or  goes  at  the  rate  of 
86460  seconds  in  24  hours ; the  square  of  which  is,  7475331600,  by 
this  divide  the  constant  number  292074024960.000,  and  the  quo- 
tient will  give,  for  the  length  of  the  pendulum  39.071714,  &c. 
inches,  which,  being  subtracted  from  the  standard  length,  will  show 
how  much  the  pendulum,  which  gains  a minute  in  a day,  must  be 
lengthened ; and,  according  to  this  example,  it  will  be  found  to  be 
.0542  of  an  inch.  It  is  evident  that,  if  the  number  292074024960.000 
was  divided  by  the  number  39.071714,  &c.,  the  length  of  the  pen- 
dulum just  now  found,  that  the  quotient  must  be  the  number 
7475331600;  and  it  is  evident  also,  from  this  example,  that  the 
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square  root,  when  extracted,  would  be  86460,  the  number  of  vibra- 
tions produced  by  this  length  of  pendulum. 

The  table  which  is  given,  to  show  how  much  a pendulum  must  be 
lengthened  or  shortened,  according  to  the  gain  or  loss  in  a day,  is  so 
far  curious,  seeing  what  an  amazingly  small  quantity  is  required  to 
make  a pendulum  gain  or  lose,  even  one  second  in  a day,  to  say  no- 
thing of  one  tenth  of  a second  in  that  time.  The  thousandth  part 
of  an  inch  is  hardly  visible,  even  to  a very  good  eye ; yet  this  is  a 
greater  quantity  than  is  required  to  make  a change  on  the  length  of 
a pendulum  for  one  second  in  a day:  it  is  then  no  wonder  that  it 
is  so  difficult  to  make  astronomical  clocks  keep  so  near  to  time  as 
they  do,  or  that  compensation  pendulums  should  be  brought  to  that 
state  in  which  they  are;  much  greater  perfection  can  hardly  be  ex- 
pected or  attained. 


Length  of  a Pendulum  in 
Inches  and  Decimal  parts  of 
an  Inch. 

Loss  or  Gain  per  day  in 
Seconds  and  Decimal  Parts. 

Decimals  of  an  Inch. 

39.18039845 

39.07171486 

39.15318499 

39.09882992 

39.12690571 

39.12509431 

39.12645365 

39.12554713 

39.1260905696 

39.1259094307 

losing  60. 

gaining  60. 
losing  30. 

gaining  30. 
losing  1 . 

gaining  1 . 

losing  0.5 

gaining  0.5 

losing  0.1 

gaining  0.1 

must  be  shortened  0.05439845 
lengthened  0.05428514 
shortened  0.02718499 
lengthened  0.02717088 
shortened  0.00090571 
lengthened  0.00090569 
shortened  0.00045365 
lengthened  0.00045287 
shortened  0.0000905696 
lengthened  0.0000905693 

We  still  may  be  allowed  to  take  another  view  of  the  subject,  re- 
garding the  length  of  pendulums,  and  the  number  of  their  vibra- 
tions, although  it  should  be  nearly  on  the  same  ground  as  has  been 
gone  over ; because  the  practical  artist  requires  to  have  it  made  quite 
familiar  and  easy,  and  there  is  no  doing  this,  without  giving  a greater 
variety  of  examples,  than  might  otherwise  be  thought  necessary ; but 
it  is  now  meant  to  show  how  to  deduce  the  lengthening  and  shorten- 
ing of  pendulums  for  their  difference  of  vibrations ; and  thereby  to 
ascertain  how  much  they  must  be  made  longer  or  shorter,  by  means 
of  the  regulating  screw  and  nut  of  the  pendulum,  which  is  determined 
by  the  number  of  the  threads  of  the  screw  in  an  inch,  and  the  divi- 
sions of  the  nut,  where  every  prime  division  should  be  made  equal  to 
one  second  in  twenty-four  hours. 

The  length  of  pendulums  are  in  the  inverse  ratio  of  the  squares  of 
their  vibrations  in  a minute.  The  number  of  vibrations  in  a minute 
by  the  seconds  pendulum,  is  60,  the  square  of  which  is  3600,  which, 
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multiplied  by  the  length  of  what  may  be  called  tne  standard  pen- 
dulum of  39.2  inches,  gives  141120.  A pendulum,  gaining  at 
the  rate  of  one  minute  in  a day,  or  vibrating  86460  seconds,  will 
make  60.04166  vibrations  in  a minute,  the  square  of  which  is 
3605.0009355556;  then  inversely,  as  3600  : 39.2  : : 3605.000935556: 
39.1456  inches,  the  length  of  the  pendulum  which  gains  at  the  rate  of 
one  minute  in  a day ; and  to  keep  mean  time,  it  would  require  to  be 
lengthened  .05444  of  an  inch,  the  difference  between  this  and  the 
length  of  the  standard  pendulum.  A screw  having  36.75  turns  in 
an  inch,  two  turns  of  which  would  be  equal  to  one  minute;  the  nut 
divided  into  thirty,  each  division  would  be  equal  to  one  second,  or 
as  nearly  so  as  possible;  as  .05444  X 36.75  = 2.0006700  turns,  or 
.0544  x 36.75  = 1.999200  turns.  In  the  calculation  for  this  length- 
ening of  a pendulum  by  Professor  Ludlam,  he  makes  it  .0543877844, 
and  .05438  X 36.8  = 2.001184.  If  a clock  loses  one  minute  in  a 
day,  or  goes  86340  seconds  in  twenty-four  hours,  the  vibrations  in  a 
minute  will  be  59.9583,  the  square  of  which  is,  3594.99783889.  Then 
inversely,  as  3600  : 39.2  : : 3594.99783889  : 39.2548  inches,  being 
the  length  of  that  pendulum,  which  will  lose  a minute  in  a day,  and 
will  require  to  be  shortened  .0548  of  an  inch.  A screw,  having  36.5 
threads  in  an  inch,  two  of  which  would  be  equal  to  one  minute, 
.0548  x 36.5  = 2.00020.  A pendulum  being  shortened  an  inch, 
or  38.2  in  length,  the  vibrations  in  a minute  will  be  60.78,  or  18.72 
minutes  fast  in  twenty-four  hours,  which  call  18  minutes,  43.20  se- 
conds. A pendulum  being  lengthened  an  inch,  or  40.2  inches  in 
length,  the  vibrations  in  a minute  59.2489,  or  18  minutes,  1.584  se- 
conds slow  in  twenty-four  hours.  To  find  the  vibrations  in  a minute  by 
a pendulum  of  40.2  inches  in  length?  40.2)141120.(3510.447761194, 
the  square  root  of  which  quotient  is  59.24903  vibrations  in  a minute. 
To  shorten  the  seconds  pendulum  the  thousandth  part  of  an  inch, 
and  find  how  much  the  clock  would  gain  in  twenty-four  hours  ? Sup- 
pose the  seconds  pendulum  39.200  inches,  and  the  other  39.199  inches, 
the  square  roots  of  these  will  be  6.260990337,  and  6.260910477  : 
If  we  put  them  6.260990337  : 6.260910477  : : x : 3600,  we  shall 
find  the  value  of  a?,  or  the  number  of  vibrations  in  an  hour,  by  mul- 
tiplying the  extreme  terms  together,  and  dividing  by  the  mean,  the 
quotient  will  be  3600.0459,  the  number  of  vibrations  in  an  hour,  and 
.0459,  the  excess  above  3600,  being  multiplied  by  24,  will  give 
1.1016  second  gained  in  a day  by  shortening  the  pendulum  the 
thousandth  part  of  an  inch.  That  pendulum,  which  makes  30  vi- 
brations in  a minute,  is  156.8  inches  in  length;  but,  on  its 
losing  30  seconds  in  twenty-four  hours,  what  is  its  length,  or 
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how  much  must  it  be  shortened  ? The  vibrations  of  the  first  being 
30  in  a minute,  we  have  86400  : 30  : : 86370  : 29.989583,  the  vi- 
brations in  a minute  made  by  the  other,  and  the  square  of  this  is 
899.375088513889,  and  the  square  of  the  first  is  900;  so,  if  we  mul- 
tiply the  length,  156.8  inches,  by  900,  the  square  of  the  vibrations, 
and  divide  the  product  by  899.375088513889,  we  shall  have  the 
length  for  the  other  pendulum,  156.909  inches;  so  that,  shortening 
it  .109  of  an  inch,  would  correct  the  error  of  going  slow  30  seconds 
in  a day.  A clock,  with  a half-seconds  pendulum,  which  should  be 
9.8  inches  in  length,  loses  30  seconds  in  a day.  The  vibrations  of 
the  half  seconds  pendulum  are  120  in  a minute,  the  vibrations  of 
the  losing  pendulum  will  be  119.958333,  the  square  of  which  is, 
14390.001656138.889 ; the  square  of  120,  the  vibrations  of  a half- 
seconds  pendulum  in  a minute,  is  14400,  which,  multiplied  by  9.8,  the 
product  will  be  141120.0,  and  this,  divided  by  14390.001656138889, 
gives  for  the  length  of  the  pendulum,  9.8068  inches,  and  being  shor- 
tened .0068  of  an  inch,  will  correct  the  error  of  losing  30  seconds  in 
a day.  A pendulum,  gaining  one  minute  in  24  hours,  must  be 
lengthened  as  719  is  to  720,  or  of  39.2  inches  = 0.0544  = -Jg-  of 
an  inch  nearly.  A pendulum,  gaining  one  second  in  24  hours,  must 
be  lengthened,  as  43199  is  to  432000,  or  4 3 \ 0-0-  of  39.2  = .0009, 
or  to  wo  °f  an  inch.  The  length  of  a siderial  pendulum  is,  39.2 
inches  — 0.216  = 38.984  inches.  A pendulum,  of  the  standard 
length,  which  gains  half  a second  a day,  must  be  lengthened 
0.00045  of  an  inch.  A pendulum  of  ditto,  which  loses  half  a second 
a day,  must  be  shortened  0.00059  of  an  inch.  The  standard  taken 
in  the  two  last  cases,  at  39.126  inches.  The  siderial  pendulum, 
or  that  which  keeps  siderial  time,  being  supposed  38.984  inches 
in  length:  Required  the  number  of  vibrations  it  would  make  in  a mi- 
nute? 38.984)141120.000(3619.9466.  The  square  root  of  which 
is,  60.166  vibrations  in  a minute.  The  mean  solar  day  is  24  hours, 
or  1440  minutes.  A siderial  day,  or  the  mean  solar  time,  which  a 
star  takes  from  one  transit  over  the  meridian  to  the  next,  is,  23  hours, 
56  minutes,  4.1  seconds,  or  1436.0683  minutes  of  mean  solar  time. 
The  siderial  pendulum  is  supposed  to  make  1440  siderial  minutes  in 
the  siderial  day;  hence  its  length  must  be  shorter  than  that  which 
keeps  mean  solar  time.  The  difference  in  length  of  these  two  pen- 
dulums may  be  shown  thus  • 
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1440. 

1436.0683 

log.  3.1583625 

log. 

3.1571750 

square,  6.3167250 

square, 

6.3143500 

«,  c,  of  1440 2 

3.6832740 

inches,  39.2 

log. 

1.5932861 

siderial  length,  38.986 
Difference,  0.214 

log. 

1.5909101 

Let  it  be  required  to  find  the  length  of  a pendulum  which  will 
make  120  vibrations  in  a minute?  Buie . — To  the  logarithm  of  the 
square  of  60,  (the  standard  taken),  add  the  arithmetical  complement 
of  the  logarithm  of  120  square,  and  also  the  logarithm  of  39.2  inches, 
the  standard  length,  the  sum  will  be  the  logarithm  of  the  pendulum 


required. 

120 

60 

log.  2.0791812 

log. 

1.7781512 

square,  4.1583624 

square, 

3.5563024 

a,  c,  of  1202 

5.8416376 

39.2  inches. 

log. 

1.5932861 

9.8  inches. 
§ 

log. 

0.9912261 

Let  it  be  required  to  find  the  number  of  vibrations  given  in  a minute 
by  a pendulum,  whose  length  is  12.098  inches? 


12.098  inches,  log.  1.0827136,  a , 

c,  of  which  is, 

8.9172864 

39.2  inches, 

log 

1.5932861 

60 2 

log. 

3.5563025 

4.0668750 

Vibrations  in  a minute,  108. 

log. 

2.0334375 

These  give  the  same  result  as  in  the  former  examples  by  loga- 
rithms. 

A short  and  easy  rule  for  touching  a pendulum  is  given  by  Pro- 
fessor Bridge,  in  the  following  theorem,  for  ascertaining  the  quantity 
to  touch  a pendulum  according  to  its  daily  gain  or  loss.  When  a 
pendulum  of  a given  length  has  been  observed  to  gain  or  lose  a cer- 
tain quantity  daily,  it  is  convenient  in  making  adjustment  for  exact 
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time  to  have  some  concise  theorem  as  a guide  to  bring  it  to  the  point 
desired  at  one  trial  in  all  cases.  “ Multiply  twice  the  length  of  the 
pendulum  by  the  number  of  seconds  gained  or  lost,  and  divide  the 
result  by  the  number  of  seconds  in  a day,  the  quotient  will  give  the 
number  of  inches,  or  parts  of  an  inch,  by  which  the  pendulum  is 
to  be  lengthened  or  shortened.  Suppose  the  gain  of  a second's  pen- 
dulum to  be  three  minutes,  or  180  seconds  in  a solar  day,  then 


39.2x2x180 

86400s 


— .1633  parts  of  an  inch,  which  is  the  quantity  in  this 


case,  by  which  the  pendulum  must  be  lengthened  to  measure  mean 
time.  But,  if  the  three  minutes  had  been  loss  with  a half  second's 
9 8x2  x 180 

pendulum,  then  — = .04083  of  an  inch,  or  the  fourtn  part 

86400 

of  the  former  quantity  that  was  to  be  lengthened,  which,  in  this  case, 
it  requires  to  be  shortened .” 


The  second's  pendulum  being  39.2  inches,  and  the  daily  loss  or 
gain  being  supposed  18  minutes : Required  the  quantity  by  which 

this  pendulum  must  be  shortened  or  lengthened? 


39.2x2x1080 


86400 


=.980 


of  an  inch.  1102.05  seconds  would  be  equal  to  one  inch.  The  screw 
of  a pendulum  rod,  having  54  turns  in  .98  parts  of  an  inch,  three 
turns  of  which  would  be  equal  to  one  minute,  and  the  regulating  nut 
divided  into  20  prime  divisions,  each  of  which  would  be  equal  to  one 
second  in  a day ; but,  in  case  54  threads  of  a screw  in  such  a space 
should  be  thought  rather  too  fine,  let  us  take  a screw  of  45  turns  in 
the  same  space,  two  and  a half  turns  would  be  equal  to  one  minute, 
and  the  nut  divided  into  24  prime  divisions,  each  would  be  equal  to 
one  second.  A screw  of  36  threads,  in  that  space,  would  require  two 
turns  of  the  nut  to  be  equal  to  a minute,  and  30  prime  divisions  on  it, 
each  would  be  equal  to  one  second. 

The  pendulum  of  a clock  being  12.8  inches  in  length,  and  it  loses 
one  minute,  or  60  seconds,  in  24  hours : How  much  must  the  pen- 

dulum be  shortened  ? 


12.8x2x60 

86400 


= .018  nearly  of  an  inch. 


The  number  of  turns  which 


the  regulating  screw  has  in  an  inch  is  34 ; then  what  turns,  or  parts 
of  a turn,  ought  to  be  given  to  the  regulating  nut  to  shorten  the 
pendulum,  so  as  to  correct  the  error?  Suppose  an  inch  to  contain 
one  thousand  equal  parts,  the  number  1000  being  divided  by  34, 
the  number  of  threads  on  the  screw  in  an  inch,  it  will  give  nearly  30 
of  the  thousand  equal  parts  for  every  thread  or  turn  of  the  screw ; 
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then,  if  60  seconds  require  .018  of  an  inch,  .030  will  be  equal  to 
100  seconds,  and  100  seconds  requiring  one  turn,  60  seconds  will 
require  six-tenths  of  a turn.  The  following  length  of  pendulums,  to 
vibrate  military  pace  time,  may  be  easily  made : Take  a musket 

bullet,  and  attach  it  to  the  end  of  a very  fine  thread,  from  the  centre 
of  the  bullet  to  the  point  of  suspension  where  the  thread  is  tied  or 
fixed,  measure  off  25.04  inches,  this  will  then  be  a simple  pendulum, 
and  from  its  length  will,  when  vibrating,  give  75  vibrations  in  a mi- 
nute, or  the  number  of  paces  when  marching  to  slow  time.  When 
ordinary  time  is  wanted,  the  thread  can  be  shortened  to  12.075  inches 
from  the  centre  of  the  ball,  and  the  vibrations  given  will  be  108  in  a 
minute,  the  number  of  steps  required  in  ordinary  time.  For  quick 
time,  bring  the  length  of  the  pendulum  to  9.8,  or  9.781  inches,  the 
vibrations  will  be  120  in  a minute,  being  the  number  of  steps  re- 
quired for  that  kind  of  marching.  An  apparatus  for  this  purpose 
might  be  easily  made,  and  would  be  very  useful  to  a field-officer 
when  exercising  troops  to  march  to  the  different  times  required.  One 
bullet,  with  the  same  thread,  could  at  once  be  set  to  any  of  the  lengths 
which  are  supposed  to  have  been  previously  marked  off;  and  by  this 
means  no  time  need  be  lost  in  adjusting  the  length  for  the  different 
pendulums;  or  a small  brass  frame,  containing  a common  escape- 
ment-work,  to  act  or  impel  a pendulum  of  9.8  inches  long,  having  a 
small  square  rod  above  the  centre  of  motion,  and  on  the  rod  a sliding 
weight,  adjusted  so  as  to  set  at  places  for  slow  and  ordinary  time.  If 
the  drum-major  corps  play  the  marches  in  their  proper  time,  this  will 
make  the  troops  keep  to  the  proper  number  of  steps. 

How  a clock  may  be  regulated,  or  made  to  keep  mean  time,  or  very 
near  to  it,  in  twenty-four  hours.  Knowing  the  number  of  turns  in  an 
inch,  and  parts  of  an  inch,  of  the  regulating  screw  of  the  pendulum, 
and  having  the  nut  so  divided  to  answer  the  screw  as  that  each  divi- 
sion on  it  shall  be  equal  to  one  second  in  twenty-four  hours. 

On  setting  the  clock  agoing,  and  comparing  it  very  accurately  with 
a well  regulated  time-piece  or  astronomical  clock,  at  first  for  one  hour, 
as  we  shall  suppose,  and  in  that  time  it  is  observed  to  have  gained  five 
seconds,  then  calculate  how  much  this  rate  would  be  in  twenty- 
four  hours,  which  would  be  two  minutes,  or  120  seconds.  The  re- 
gulating nut  being  divided  into  thirty,  each  turn  of  it  would  then  be 
equal  to  thirty  seconds,  and  four  turns  would  be  equal  to  1 20  seconds, 
give  the  regulating  nut  then  four  turns  downwards,  and  the  clock  will 
be  found  very  nearly  at  time.  Let  it  be  again  set,  and  allowed  to  go 
on  for  the  remaining  twenty-three  hours,  and  observe  what  it  has 
gained  or  lost  in  that  time;  if  the  amount  of  error  is  two  seconds 
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slow,  set  the  nut  up  about  two  divisions,  and  the  clock  will  now  be 
regulated,  or  nearly  so.  In  twenty-four  hours  we  have  regulated  a 
clock  by  this  method,  that  at  the  end  of  twenty-three  days  afterwards, 
it  was  found  to  have  lost  only  four  seconds,  or  going  at  the  daily  rate 
of  — 0.174  of  a second. 

In  comparing  a clock  or  chronometer  with  the  regulating  clock, 
when  they  are  under  regulation.  There  is  in  this,  as  well  as  in  every 
other  thing,  a neat  or  proper  method.  Suppose  the  clock  or  watch 
under  regulation  is  found  to  be  faster  than  the  regulating  clock,  count 
in  your  own  mind  the  beats  or  seconds  of  the  regulating  clock  by  the 
ear,  keeping,  at  the  same  time,  your  eye  steadily  on  the  seconds  hand 
of  the  clock  or  chronometer  under  regulation,  and  when  the  beat  of 
the  regulator  is  on  the  sixtieth  second,  mark  well  where  the  seconds 
hand  of  the  piece  under  regulation  is,  and  you  will  have  exactly  what 
it  has  gained.  On  the  other  hand,  should  the  piece  under  regulation 
be  loosing,  count  the  beats  of  the  regulating  clock  in  your  own  mind, 
knowing,  at  the  same  time,  where  the  seconds  hand  of  it  is  at,  and 
keeping  your  eye  on  the  seconds  hand  of  the  piece  to  be  regulated, 
notice  the  instant  when  the  seconds  hand  of  it  comes  to  the  sixtieth 
second,  and  what  beat  or  second  the  regulator  is  at,  and  you  have  the 
difference,  or  the  number  of  seconds  which  the  clock  or  chronometer 
may  have  lost.  When  addition  or  subtraction  is  used,  with  the  dif- 
ferences between  two  clocks,  where  one  of  them  is  to  be  regulated, 
errors  may  take  place ; but,  in  the  method  we  have  just  described, 
this  is  not  likely  to  happen. 

If  a simple  pendulum,  vibrating  seconds  in  a very  small  arc,  is 
made  to  describe  any  of  the  arcs  in  the  following  Table,  the  daily  loss 
will  be  according  to  the  extent  of  the  arc  made  on  each  side  of  the 
point  of  rest,  as  shown  there: 


Arcs  Described 
on  each  side. 

Inches  and 
Decimal  Parts. 

Daily  loss. 

0°  15' 

0.168 

0.1  sec. 

0 30 

0.337 

0.4 

1 

0 

0.674 

1.6 

2 

0 

1.349 

6.6 

3 

0 

2.024 

14.8 

4 

0 

2.699 

26.3 

5 

0 

3.374 

41.1 
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To  set  off  degrees  and  Minutes  on  the  Pendulum  Index  Plate. 

In  clocks  made  for  astronomical  purposes,  the  lower  end  of  the 
pendulum  rod  is  sometimes  formed  into  a small  and  sharp  point, 
serving  as  an  index  to  a plate  of  brass,  (fixed  to  the  inside  back  of  the 
clock-case,)  on  which  is  graduated  degrees,  and  parts  of  a degree,  of 
a great  circle.  The  length  of  the  pendulum  over  all  being  given, 
thence  to  find  the  chord  of  one  degree.  Suppose  the  length  to  be 
45  inches,  then  say,  as  the  arc  of  1'  is  to  0.0002908,  so  is  45  inches 
to  x. 


V : 0.0002908  : : 45  inches 
45 

14540 

11632 

.0130860 

X 60  the  minutes  m a degree. 

0.7851600  parts  of  an  inch,  equal  to  one  degree. 


.78516  parts  of  an  inch,  must  be  taken  for  the  length  of  every  de- 
gree set  off  on  the  brass  plate,  and,  subdividing  each  degree  either  into 
four  or  six,  will  show  the  minutes. 

It  may  not  be  uninteresting  to  some,  to  have  directions  how  to  lay 
off  the  degrees  and  minutes  on  the  brass  index  plate.  Provide  a 
deal-board,  about  four  feet  in  length,  and  seven  or  eight  inches 
broad,  and  a thin  piece  of  well  hammered  plate  brass,  six  inches 
long,  its  breadth  an  inch  and  four-tenths ; let  it  be  pinned  fast  across 
the  board,  and  near  to  one  end  of  it;  at  the  other  end,  fix  a round 
pin  of  steel  wire,  (not  less  than  a quarter  of  an  inch  in  diameter,) 
having  an  inch  or  two  above  the  surface  of  the  board,  to  serve  as  a 
centre  of  motion,  to  a rectangular  bar  of  wood,  four  feet  in  length,  one 
and  a half  inch  broad,  and  the  thickness  about  an  inch ; near  to  one 
end  of  the  bar,  make  a hole  for  the  steel  pin  to  go  through,  at  the 
other  end,  taking  a distance  from  the  centre  of  motion,  somewhat  less 
than  45  inches,  make  a hole,  into  which  is  fixed  a cutter,  to  trace  two 
portions  of  circles  on  the  brass  plate ; the  first  portion  being  traced, 
to  get  the  other,  the  cutter  must  be  shifted  lower  down,  near  to  two- 
tenths  of  an  inch,  to  give  the  space  between  the  circles.  On  this 
space,  at  a distance  of  three  inches  or  so,  (supposed  equi-distant, 
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from  the  ends  of  the  brass  plate,  make  a point  for  Zero,  or  O ; from 
it,  towards  each  end,  mark  points  for  the  degrees,  1,  2,  3,  or  more, 
then  subdivide  each  degree,  to  show  either  ten  or  fifteen  minutes.  The 
cutter  may  now  be  taken  out  of  its  place,  and  a flat  thin  piece  of 
brass  fixed  to  the  lower  end  of  the  bar,  projecting  a little  way  beyond 
the  bar,  having  one  of  its  edges  straight,  in  order  to  mark  off  the  de- 
grees and  their  subdivisions;  another  hole  must  be  made  at  the  upper 
end  of  the  bar,  (for  the  steel  pin  to  go  through,)  at  such  place  and 
distance  as  to  bring  the  brass  straight  edge  to  lay  across  the  index 
plate;  stepping  the  different  points,  and  holding  the  straight  edge 
steady  at  them,  with  a sharp  knife-edge,  or  such  like,  mark  the  de- 
grees and  their  subdivisions. 


The  length  of  a degree  can  be  determined  also  by  rules  in  plain 
trigonometry. 

A B = 45. 

A 0 = 45. 

BC=  .78516 


Sum  90.78516 


£ Sum  45.39258  = H = 
H — BC  = 
H— AB  = 
H — A C = 


45.39258 

CO.  log. 

8.3430258 

44.60742 

CO.  log. 

8.3505930 

.39258 

log. 

9.5939282 

.39258 

log. 

9.5939282 

30'  X 2 = 1°  Sum  15.8814752 


Tangh  of  30  = £ Sum  7.9407376 

Given  two  sides  of  a triangle,  each  45  inches,  and  the  angle  con- 
tained one  degree : To  find  the  chord  ? Say,  as  radius  is  to  twice  the 
sine  of  30',  so  is  45  inches  to  x. 

N.  S.  of  30'  is  87.265  x 2 = 174.530  N.  S.  of  1® 

N.  S.  of  1°  is  174.530,  the  log.  sine  of  which  is  8.2418553 
The  log.  of  45  inches  is  ...  1.6532125 


.78536  parts  of  an  inch 


. = log.  9.8950678 
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Three  sides  given : Required  the  angle  ? 
45.  inches. 

45. 

.78536 


Sum  . . 90.78536 

Half  sum  . 45.39268 

— Opposite  angle  .78536  co.  log.  8.3430192 

44.60732  co.  log.  8.3505938 

£ Opposite  angle  .39268  log.  9.5940388 

Ditto  . . .39268  log.  9.5940388 

Tang1,  of  30'  x 2 ....  15.8816906 

The  angle?  = 1°  — 30'  Tangt.  = £ sum  7.9408453 

The  Table  which  we  are  about  to  give,  containing  different  lengths 
of  pendulums,  the  number  of  their  vibrations  in  a minute,  and  the 
numbers  for  the  teeth  of  the  wheels  and  pinions,  to  produce  the  vi- 
brations, will  be  found  very  useful  and  convenient  for  the  clock- maker, 
who  having  determined  on  his  height  of  case,  or  length  of  pendu- 
lum, has  only  to  inspect  the  Table  to  find  what  his  wheels  and 
pinions  should  be,  which  will  save  a great  deal  of  trouble.  For  the 
like  reason  is  added  a Table  of  various  trains  of  watches,  and  chrono- 
meters, and  the  numbers  of  their  wheels  and  pinions  calculated  to 
produce  them,  and  which  may  be  useful  to  many  a watch-maker,  and 
watch-movement  maker. 
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^4  Table  of  the  Lengths  of  Pendulums , their  Vibrations  in  a Minute , 
and  the  Numbers  for  the  Teeth  of  such  Wheels  cmd  Pinions  as  are 
calculated  to  produce  them. 


Vibrations  in  a 

Length  of  Pendu- 
lums in  inches, 

Numbers  for  the 

Number  of 
Leaves  in 
the  Pinions. 

minute. 

and  decimal 
parts  of  an  inch. 

Wheel  Teeth. 

188 

3.928 

47 

36 

36 

20 

6 

180 

4.355 

45 

36 

36 

20 

6 

175 

4.608 

128 

105 

25 

8 

175 

4.608 

36 

36 

35 

25 

6 

170 

4.883 

128 

102 

25 

8 

165 

5.183 

132 

100 

27 

9 & 8 

160 

5.512 

128 

80 

30 

8 

160 

5.512 

120 

96 

30 

9 & 8 

156 

5.797 

104 

96 

30 

8 

152 

6.108 

96 

95 

32 

8 

151.2 

6.172 

84 

72 

27 

6 

150 

6.272 

100 

96 

30 

8 

145 

6.712 

120 

87 

30 

9 & 8 

145 

6.712 

100 

87 

32 

8 

144.9 

6.720 

92 

84 

36 

12  & 8 

142 

7.001 

128 

71 

30 

8 

142 

7.001 

120 

71 

32 

8 

141.75 

7.023 

90 

84 

36 

8 

140 

7.200 

96 

80 

35 

8 

140 

7.200 

84 

80 

40 

8 

137.8 

7.430 

90 

84 

36 

8 

135 

7.745 

96 

90 

30 

8 

135 

7.745 

90 

90 

32 

8 

133.8 

7.874 

90 

84 

34 

8 

132.3 

8.062 

84 

84 

36 

8 

130.3 

8.320 

90 

88 

40 

9 

130 

8.350 

100 

78 

32 

8 

129.9 

8.362 

90 

84 

3 

8 

129.1 

8.465 

84 

83 

45 

9 

128.6 

8.577 

84 

84 

35 

8 

128 

8.610 

100 

96 

40 

10 

126 

8.880 

90 

84 

36 

9 & 8 

126 

8.880 

90 

84 

32 

8 

126 

8.880 

108 

100 

35 

10 

125 

9.031 

100 

80 

30 

8 

122 

9.471 

90 

84 

31 

8 

120 

9.800 

90 

80 

32 

8 

120 

9.800 

90 

80 

36 

9 & 8 

120 

l_ 

9.800 

80 

72 

40 

8 
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(Table  continued.) 


Vibrations. 


jl20 

120 

118.5 
118 

117.5 
117.3 
115 
114 
112 
112 
112 
110.25 
110 
110 
108 
108 
108 
105 
102 
102 
100 
100 
100 
100 
100 

98 

98 

98 

96 

94 

90 

88 

88 

86 

84 

80 

80 

78 

75 

72 

70 

68 


Length  of  Pen- 
dulums. 


9.800 

9.800 

10.050 
10.135 
10.220 
10.256 
10.672 
10.858 
11.250 
11.250 
11.250 
11.610 
11.662 
11.662 

12.098 
12.098 
12.098 
12.800 
13.564 
13.564 
14.112 
14.112 
14.112 
14.112 
14.112 
14.694 
14.694 
14.694 
15.400 
15.971 
17.422 
18.223 
18.223 

19.098 
20.000 

22.050 
22.050 
23.182 
25.088 
27.222 

28.800 
30.519 


Wheel  Teeth. 


Pinion  Leaves. 


8 

8 

8 

unless  very 
8 

9 & 8 
10 
8 

10 

9 & 8 
8 
8 

10 

8 

9 & 8 
8 

10  & 8 
10 
8 

9 & 8 
12 
10 

8 

8 

8 

8 

8 

9 & 8 
12  & 10 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


96 

80 

30 

80 

80 

36 

90 

79 

32 

Numbers  for  this  not  easily  to  be  j 
disproportionate. 

94 

75 

32 

90 

88 

32 

115 

100 

30 

96 

76 

30 

105 

100 

32 

90 

84 

32 

84 

80 

32 

84 

84 

30 

110 

100 

30 

88 

80 

30 

81 

80 

36 

96 

72 

30 

90 

90 

32 

105 

100 

30 

83 

72 

32 

85 

81 

32 

125 

108 

32 

100 

100 

30 

80 

80 

30 

80 

72 

32 

96 

80 

25 

98 

60 

32 

84 

64 

35 

84 

84 

30 

108 

100 

32 

94 

64 

30 

80 

72 

30 

100 

88 

32 

88 

64 

30 

86 

64 

30 

84 

64 

30 

64 

60 

40 

75 

64 

32 

72 

65 

32 

75 

60 

32 

72 

64 

30 

70 

64 

30 

64 

64 

30 
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A Table  of  the  Trains  of  Watches , Chronometers , <$fc.  or  their 
Beats  in  an  Hour , with  the  Numbers  for  the  Wheels  and  Pinions , 
as  calculated  to  produce  them. 


Beats  in  an  hour. 

Numbers  of  the  Wheel  Teeth. 

Numbers  of  the  Pinion 
Leaves. 

16200 

70 

56 

54 

15 

8 

7 

7 

16489|- 

57 

54 

60 

15 

8 

7 

6 

16800 

70 

64 

64 

15 

8 

8 

8 

16800 

80 

64 

60 

14 

8 

8 

8 

16800 

70 

64 

60 

16 

8 

8 

8 

16900 

54 

52 

50 

13 

6 

6 

6 

16925Jt 

52 

52 

52 

13 

6 

6 

6 

169502V 

54 

52 

52 

13 

6 

6 

6 

17010 

72 

64 

63 

15 

8 

8 

8 

17160 

64 

63 

55 

13 

8 

7 

6 

17325 

64 

63 

55 

15 

8 

8 

6 

17333^ 

60 

50 

48 

13 

6 

6 

6 

The 

above  were  chiefly  the  1 

trains  of  old  watches. 

7200 

64 

48 

40 

15 

8 

8 

8 

14400 

64 

64 

60 

15 

8 

8 

8 

14400 

96 

90 

90 

16 

12 

12 

12 

14400 

96 

90 

75 

16 

12 

12 

10 

14400 

80 

75 

80 

15 

10 

10 

10 

17280 

54 

48 

48 

15 

6 

6 

6 

17280 

63 

56 

56 

15 

7 

7 

7 

17280 

72 

64 

64 

15 

8 

8 

8 

17280 

72 

64 

60 

14 

8 

8 

7 

17920 

70 

64 

64 

14 

8 

8 

7 

18000 

54 

50 

48 

15 

6 

6 

6 

18000 

60 

48 

45 

15 

6 

6 

6 

18000 

80 

80 

75 

15 

10 

10 

8 

18000 

75 

64 

64 

15 

8 

8 

8 

18000 

75 

64 

60 

16 

8 

8 

8 

18432 

72 

64 

64 

16 

8 

8 

8 

20250 

54 

54 

50 

16 

6 

6 

6 

21600 

80 

72 

64 

15 

8 

8 

8 

Should  there  be  any  trains  required  which  are  not  in  the  Tables, 
the  artist  can  supply  this,  by  having  recourse  to  the  method  which 
has  been  given  to  find  numbers  for  wheel  teeth,  &c. 

Between  the  weight  of  the  pendulum  ball  of  a clock,  and  that  of  the 
weight  or  moving  force  applied  to  it,  there  ought  to  be  some  sort 
of  proportion;  for,  if  the  moving  force  is  too  great,  it  will  tend  to 
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increase  the  friction,  and  wear  the  machine  faster  out;  if  it  is  too 
little,  the  clock  will  not  get  well  through  when  the  oil  gets  thick  and 
foul.  The  arc  of  vibration  should  have  the  supplementary  angle 
about  equal  to  the  angle  of  escapement,  the  nature  of  which  may  re- 
quire more  or  less.  The  far  greater  number  of  clocks  have  the  mov- 
ing force  much  more  powerful  than  what  is  necessary,  arising  in  some 
degree  from  the  trouble  of  getting  weights  to  any  specific  number  of 
pounds,  or  not  having  any  rule  to  determine  what  the  weight  of  any 
given  cylinder,  & c.  of  lead  should  be.  It  is  for  these  reasons  that 
we  shall  insert  rules  and  examples  for  finding  this,  so  as  a clock- 
maker,  when  making  trial  with  his  clock,  should  give  no  more  than 
the  motive  force  requisite  for  the  pendulum;  he  should  hang  on 
weights  by  degrees,  until  he  sees  that  it  has  got  the  proper  quantity, 
which  he  finds  to  be,  as  we  shall  suppose , 10  lbs.,  and  he  wants  to 
have  a hollow  cylindrical  brass  or  tin-plate  shell,  that  shall  hold 
exactly  10  lbs.  weight  of  lead.  Although,  to  find  this,  is  a case  in 
the  mensuration  of  solids,  it  is  nevertheless  a subject  requisite  to  the 
profession. 

A cubic  inch  of  lead  is  known  to  weigh  6 ounces,  9.08  drams 
avoirdupois;  now,  by  the  simple  rule  of  three,  we  may  find  how 
many  cubic  inches  will  be  required  for  10  lbs.  of  lead.  Say,  if  6 oz. 
9.08  drams  is  equal  to  one  cubic  inch,  what  number  of  cubic  inches 
will  10  lbs.  require? 


oz.  dr.  cub.  in.  lbs. 
6 9.08  : 1 : : 10 
16  16 


105.08  160 

16 


960 

160 


105.08)2560.00(24.362  cubic  inches. 

Then,  to  find  a hollow  brass  cylindrical  shell  of  such  a length  and 
diameter,  as  to  contain  the  given  number  of  cubic  inches,  24.362,  or 
as  near  to  it  as  may  be;  a little  will  depend  on  practice,  but,  to  save 
the  trouble  of  computing  this,  a table  will  be  given  of  shells  of  dif- 
ferent capacities,  and,  consequently,  of  different  weights.  To  find 
the  solidity  of  a cylinder  in  cubic  inches,  and  decimal  parts  of  a cubic 
inch:  The  rule  is,  multiply  the  area  of  the  base  of  the  cylinder  bv 
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the  perpendicular  height;  the  product  will  be  the  solidity:  Or,  as 
1 is  to  0.7854,  (or  rather  0.785399,)  so  is  the  square  of  the  dia- 
meter of  the  cylinder,  taken  in  inches,  and  parts  of  an  inch,  to  the 
number  of  square  inches,  &c.  contained  in  the  area  of  the  base, 
which  number  being  multiplied  by  the  height,  taken  in  inches,  and 
parts  of  an  inch,  will  give  the  solid  contents  thereof  in  cubic  inches, 
&c. 

Suppose  we  have  a cylinder,  whose  diameter  is  2.25  inches,  and 
the  height  or  depth  6.25  inches:  Required  the  solidity? 

The  diameter  - - 2.25 

Multiplied  by  itself  - - 2.25 

1125 

450 

450 


The  product  - - 5.0625  the  square  of  the  diameter 

Multiplied  by  - - - 0.7854 

202500 

253125 

405000 

354375 


3.97608750  area  of  the  base 
Multiplied  by  - 6.25  the  height. 

1988043750 

795217500 

2385652500 


24.8505468750  solid  contents  in  cubic  inches 
Multiplied  by  - 105.08  drams  in  a cubic  inch. 

1988043750000 

1242527343750 

248505468750 

. lbs.  oz. 

2611.29546562500  drams  = 10  3 


This  cylinder  appears  then  to  have  been  taken  too  large  in  its  di- 
mensions. If  we  had  taken  one  at  6.18  inches  in  height,  and  2.24 
inches  in  diameter,  we  would  have  come  nearer  to  the  required  soli- 
dity and  weight. 
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2.24 

3.94082304  area  of  the  base. 

2.24 

multiplied  by  the  height,  6.18 

896 

3152658432 

448 

394082304 

448 

2364493824 

5.0176 

24.3542863872  cubic  inches 

0.7854 

105.08  dr.  in  a cu.  inch. 

200704 

1948342910976 

250880 

1217714319360 

401408 

243542863872 

3*1 939 

lbs.  oz. 

2559.148413566976  drs.  = 9 15.9 

3.94082304  area 

of  the  base. 

This  is  brought 

as  near  as  may  be  to  10  lbs. 

A cylinder,  bein; 

g 6 inches  in  height,  and  2.5  in  diameter:  Required 

the  solidity? 

2.5 

0.7854 

2.5 

6.25  square  of  base. 

125  39270 

50  15708 

47124 

6.25  

4.908750  area  of  base. 

6 height. 

— — — - lbs. 

29.452500  contents  in  cu.  in.  = 12.08933,  or 

lbs.  oz.  dr. 

12  1 6.86. 

Two  or  three  more  examples  shall  be  given,  with  oval,  in  place  of 
cylindrical  shells.  The  solidity  of  any  body  having  an  oval  form, 
may  be  found  by  the  following  Rule: — Multiply  the  transverse,  or 
long  diameter,  by  the  conjugate  or  short  diameter,  and  the  product 
by  .7854;  the  product  will  be  the  area  of  the  base,  which,  being 
multiplied  by  the  height,  will  give  the  solidity  or  number  of  cubic 
inches.  The  transverse  diameter  being  3.5  inches,  and  the  conjugate 
1.5  inch,  the  height  6 inches:  Required  the  cubic  inches,  and  weight 
of  lead,  to  fill  such  a shell? 
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Transverse  diameter,  3.5  .7854 

Conjugate  ditto,  1.5  5.25 


175  39270 

35  15708 


39270 

5.25 

4*123350  area  of  the  base. 

6 the  height. 

24.740100  cubic  inches. 

105.08  drams  in  a cubic  inch. 


197920800 

123700500 

24740100 

lbs.  oz.  dr. 

drams  in  a pound,  256)2599’689708(10  2 7 


The  transverse  diameter  being  4 inches,  the  conjugate  2,  and  the 
height  6.25  inches : Required  the  solid  contents  or  number  of  cubic 
inches? 


Transverse  diameter,  4 

drams  in  a cubic  inch,  105.08 

Conjugate  ditto,  2 

multiplied  by  the  cubic  in.  39.27 

8 

73556 

.7854 

21016 

area  of  base,  6.2832 

94572 

31524 

height,  - 6.25 

lha  or  dr 

drams  in  a pound,  256)41 26.491 6(16  1 14 

314160 

125664 

376992 

cubic  inches, 39.270000 

If  these  examples  were  done  by  logarithms,  they  would  be  much 
easier.  Having  found  the  number  of  cubic  inches,  add  their  loga- 
rithm to  the  constant  logarithm,  9.6134202,  the  sum  will  be  the 
logarithm  of  the  number  of  pounds  in  the  cubical  inches. 

The  constant  logarithm  9*6134202 
Cubic  inches,  39  27,  log.  1.5940609 


l 2 


16.119  lb.  = 


log.  1.2074811 
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LENTICULAR  PENDULUM  BALLS,  &c. 


Pendulum  balls  are  commonly  composed  of  two  equal  segments  of 
a sphere,  forming  a lens,  or  a sort  of  lenticular  shape,  and  the  work- 
man, or  those  who  may  direct  him,  when  making  up  the  brass  shells, 
or  covers  for  the  pendulum  ball,  which  are  to  be  filled  with  lead, 
should  know  exactly  the  quantity  which  will  be  required  to  fill  them, 
otherwise  they  must  make  the  pendulum  either  too  light  or  too 
heavy  for  that  which  may  be  wanted:  and,  without  knowing  before 
hand,  by  calculation,  to  give  the  requisite  dimensions  for  the  covers, 
they  must  be  labouring,  in  some  degree,  at  random. 

To  find  the  solidity  of  the  segment  of  a sphere. — Buie.  To  three 
times  the  square  of  the  radius  of  its  base,  add  the  square  of  the 
height,  and  this  sum,  multiplied  by  the  height,  and  the  product 
again  by  .5236,  will  give  the  solidity. 

The  diameter  of  a pendulum  ball  being  6.2  inches,  and  thickness 
2.1  inches:  Required  the  solidity  and  weight  of  lead?  Being  com- 
posed of  two  equal  segments  of  a sphere,  if  we  get  the  solidity  of  one 
of  them,  doubling  it  will  give  the  solidity  of  both.  Here  the  radius 
of  the  segment  base  is  3.1  inches,  and  the  height  1.05  inch:  To  find 

the  solidity  of  such  a segment? 


Height,  1.05  inch. 
1.05 


radius  of  base,  3.1  31.429125 

3.1  multiply  by  the  dec.  .5236 


525  3.1 

105  93 

1 . 1 025  square  of  height  9.61  sq.  of  rad. 

3 times 

28.83 

add  1 . 1 025  sq.  of  height 


29.9325 

multiply  by  1.05  the  height. 


188574750 

94287375 

62858250 

157145625 


16.4562898500  solidity  of 
2 one  seg. 


32.91257970  the  two  segments 


1496625 

299325 


31.429125 

To  the  constant  log.  - - - 9.6134202 

Add  the  log.  of  the  solidity,  32.91257  1.5173617 


13.513  lbs.  = log.  1.1307819 

Let  the  diameter  of  the  base  of  the  segment  be  6 inches,  and  the 
height  1 inch:  Required  the  solidity? 
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Radius  of  the  base, 
Square  of  radius, 

Add  the  square  of  height, 
Multiply  by  height, 
Multiply  by  the  dec. 


3 inches 
3 


height  1 . Square  is  l . 


9 

3 times. 


27 

1 


28 

1 


28 

.5236 

41888 

10472 


14.6608  solidity  of  one  segment. 
2 


29.3216  ditto  of  both  segments. 

To  the  constant  log.  - 9.6134202 

Add  solidity,  29.3216,  log.  1.4671877 

12.04  lbs.  = - - log.  1.0806079 

The  diameter  of  the  base  of  the  segment  6 inches,  and  the  height 
.5  of  an  inch:  Required  the  solidity? 

Radius  of  the  base  3 inches.  height  .5 


9 

3 times 


.25  sq.  of  height. 


27 

Add  the  square  of  the  height  0.25 


Multiply  by  the  height 

27.25 

.5 

Multiply  by  the  decimal 

13.625 

.5236 

81750 

40875 

27250 

68125 


7.1340500  solidity  of  one  segment. 
2 

14.2681  ditto  of  both  segments. 
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PENDULUM  BALL  FRUSTUMS  OF  A CONE. 


Constant  log.  - 9.6134202 

Solidity  14.2681  log.  1.1543660 

5.8585  lbs.  = - log.  0.7677862 

A pendulum  ball  may  very  properly  be  formed  of  two  equal  frus- 
tums of  cones,  being  a shape  very  fit  for  the  purpose.  An  example 
or  two  may  be  taken,  and  the  Rule  given  to  find  the  solidity  of  the 
frustum  of  a cone. 

To  find  the  solid  contents  of  the  frustum  of  a cone. — Rule , Mul- 
tiply the  diameters  at  top  and  bottom  into  one  another,  to  the  pro- 
duct add  a third  part  of  the  square  of  their  difference;  multiply  this 
sum  by  .7854,  and  the  product  shall  be  a mean  area,  which  being 
multiplied  by  the  perpendicular  height,  the  last  product  shall  be  the 
solid  contents  in  cubical  measures  of  the  whole,  in  such  parts,  (as 
inches,  feet,  &c.)  as  the  diameters  and  height  were  taken. 

Example.  Let  the  greater  diameter  of  the  frustum  of  a cone  be  7 
inches,  the  lesser  4 inches,  and  the  height  0.5  of  an  inch:  Required 
the  solidity? 


Greater  diameter  7 inches. 
Lesser  ditto  - 4 

28 

Add  the  third  of  square  of  diff.  3 


31 

Multiply  by  the  decimal  - .7854 


7854 

23562 


24.3474 

Multiply  by  the  height  - 0.5 


7 


4 

3 difference. 

3 

3)9  square  of  diff. 


3 third  of  sq.  of  diff. 


Solidity  of  one  - - 12.17370 

Solidity  of  both  - - 24.34740 

constant  log.  - 9.6134202 

24.3474  log.  - 1.3864526 

9.997  lbs.  = log.  0.9998728 
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Another  example  will  make  the  rule  sufficiently  plain.  Let  the 
greater  diameter  be  7 inches,  the  lesser  3.5  inches,  and  the  height 
.7  of  an  inch:  Required  the  solidity  ? 

Greater  diameter  7 
Lesser  ditto  - 8.5 

24.5 

Add  the  third  of  square  of  diff.  4.083 

28.583 

Multiply  by  the  decimal  - .7854 

114332 
142915 
228664 
200081 

22.4490882 

Multiply  by  the  height  .7 

15.71436174  solidity  of  one. 

2 

Cubic  inches  - - 31.42872348  ditto  of  both. 

Constant  log.  - 9.6134202 

31.4287  log.  - - 1.4973264 

12.904  lbs.  = log.  1.1107466 

Although  a sphere  or  globe  is  not  a common  figure  for  the  ball  of 
a pendulum,  yet  that  shape  is  very  proper  for  large  turret  clocks, 
where  the  pendulums  are  often  exposed  to  currents  of  air  or  eddy 
winds  blowing  in,  and  up  and  down  in  the  steeples.  Suppose  a pen- 
dulum ball  or  globe,  6.75  in  diameter:  Required  the  solidity,  and 
weight  in  lead;  to  find  the  solid  contents  of  a sphere  or  globe  ? 

Buie. — Multiply  the  diameter  of  the  sphere  twice  into  itself,  (which 
gives  the  cube,)  and  the  product  by  .5236,  the  last  product  is  the  so- 
lidity required. 


7 

3.5 


3.5  difference. 
3.5 


175 

105 


3)  12.25  square  of  diff. 


4.083  third  of  sq.  of  diff. 


168 


GLASS  JAR  FOR  MERCURIAL  PENDULUM. 


6.75 

6.75 


3375 

4725 

4050 


45.5625 

6.75 


2278125 

3189375 

2733750 


307.546875 

.5236 


1845281250 

922640625 

615093750 

1537734375 


161.0315437500  cubic  inches  in  the  sphere. 

Constant  logarithm  - 9.6134202 
161.03154  - log.  2.2069112 

66.12  lbs.  = - log.  1.8203314 

All  other  things  in  a turret  clock,  according  with  a length  of  pendu- 
lum whose  vibrations  are  one  in  two  seconds,  a ball  of  66  lbs.  is  not 
too  much.  The  figures  required  in  finding  the  solidity  of  a globe  are 
much  abridged  by  the  use  of  logarithms. 

The  diameter  of  a globe  being  6.75  inches  - log.  0.8293038 
which,  multiplied  by  3,  will  give  the  log.  of  the  cube  3 

The  cube  of  6.75  is  307.546875,  the  log.  of  which  is  2.4879114 

.5236,  the  log.  of  which  is,  add  9.7189996 

Cubic  inches  161.03154,  the  log.  of  which  is  - 2.2069110 


The  glass  jar  for  a mercurial  pendulum  being  7 inches  deep,  and 
two  inches  in  diameter,  both  inside  measure,  it  is  required  to  know 
what  quantity  of  mercury  will  fill  the  jar  or  cylinder  up  to  6.4  inches? 
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Find  the  solidity  as  directed  in  the  case  for  clock  cylindrical  weight 
shells. 


The  diameter  2 inches 
2 

4 sq.  of  the  dia. 

Multiply  the  square  of  the  diameter  by  the  decimal  .7854 

4 

Area  of  the  base  - 3.1416 

Multiply  by  the  height  6.4 

125664 

188496 

Solidity  in  cubic  inches  - 20.10624 

To  the  constant  logarithm  for  Mercury,  add  the  logarithm  of  the 
cubic  inches,  the  sum  will  be  the  logarithm  for  the  weight  of  mercury 
required. 


Constant  log.  for  mercury  - 9.6908553 
20.1 0624  cubic  inches  - log.  1.3033308 

9.867  lbs.  = - log.  0.9941861 

Seeing  we  have  used  one  constant  logarithm  for  lead,  and  another 
for  mercury,  to  be  added  to  the  logarithm  of  the  cubic  inches,  to 
find  the  logarithms  of  the  weight  of  lead  and  of  mercury,  it  may  be 
proper  to  show  how  these  constant  logarithms  are  obtained.  To  the 
arithmetical  complement  of  the  logarithm  of  1728,  (the  number  of  cubic 
inches  in  a cubic  foot,)  add  the  logarithm  of  62.5  lbs.  (the  weight  of 
a cubic  foot  of  pure  water,)  together  with  the  logarithm  of  the  specific 
gravity  of  whatever  metal  or  substance  it  is  required. 

1728  inches,  log.  3.2375437  a.  c.  6.7624563  - 6.7624563 

Weight  of  a cubic  foot  of  water  62.5  log.  1.7958800  - 1.7958800 

Specific  gravity  of  lead  11.  3523  log.  1.0550839  s.  g.  of  mere.  13.5681  log.  1.1325190 

Constant  log.  for  lead  9.6134202  Constant  log.  for  mercury  9.6908553 

When  any  vessel  is  to  be  filled  with  lead,  filling  it  first  with  pure 
water,*  the  weight  of  which  being  taken,  and  multiplied  by  11.3523, 

* Before  pouring  melted  lead  into  a vessel  which  has  been  previously  filled  with  wa- 
ter, it  is  requisite  that  the  vessel  be  completely  emptied  of  the  water,  and  thoroughly 
dried. 
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the  specific  gravity  of  lead,  will  give  the  weight  of  the  lead  which  the 
vessel  will  hold.  If  a glass  jar  for  a mercurial  pendulum  be  filled  up 
with  water  to  any  required  height,  and  the  weight  of  the  water  mul- 
tiplied by  13.5681,  the  specific  gravity  of  mercury,  it  will  give  the 
weight  of  the  mercury  required.  The  foregoing  rules,  with  the  cases 
resolved  by  them,  will  appear  not  to  be  so  neatly  done  as  they  might 
have  been;  but,  had  they  been  set  out  with  such  formulae  and 
characters  as  mathematicians  are  accustomed  to  make  use  of,  they 
would  have  been  wholly  unintelligible  to  a great  part  of  those  for 
whom  the  rules  are  given. 

For  Example.  To  find  the  solidity  of  the  frustum  of  a cone  ? 


Put  D = greater  diameter. 
d — lesser  diameter. 

m — .7854. 

h — height. 

S = solidity. 


Theorem 
m h 

— 3—  X : D +d|2  — D x cl  — S 
or  rather 

m^xD+d|2  — Dxd  = S 


This  to  a mathematician  is  a very  simple  business,  and  yet  with 
many  a clock-maker  nothing  could  be  made  of  it. 


171 


A Table  of  various  sizes  of  Clock  weights  Shells , their  lengths  and 
Diameters  given  in  Inches  and  Decimal  pa/rts  of  an  Inch , with  their 
Solidity  or  Number  of  Cubic  Inches , and  the  Number  of  Pounds  and 
Decimal  parts  of  a Pound , avoirdupois  weight , of  Lead  required  to 
fill  them. 


Length  in  Inches 
and 

Decimal  Parts. 

Diameter  in 
Ditto. 

Cubic  Inches,  &c. 

Number  of  Pounds, 
Weight  of  Lead,  &c. 

4. 

2. 

12.576 

5.151 

4.25 

2. 

13.351 

5.482 

4.5 

2. 

14.137 

5.804 

4.75 

2. 

14.922 

6.127 

5. 

2. 

15.718 

6.449 

5.25 

2. 

16.493 

6.772 

5.5 

2. 

17.278 

7.094 

5.75 

2. 

18.064 

7.589 

6. 

2. 

18.849 

7.739 

6.2a 

2. 

19.645 

8.062 

6.5 

2. 

20.420 

8.384 

6.75 

2. 

21.699 

8.909 

6. 

2.25 

23.856 

9.795 

6.25 

2.25 

24.851 

10.203 

6.5 

2.25 

25.844 

10.611 

6.75 

2.25 

26.838 

11.029 

6. 

2.5 

29.452 

12.093 

6.25 

2.5 

30.679 

12.597 

6.5 

2.5 

31.906 

13.101 

6.75 

2.5 

33.134 

13.604 

6. 

2.75 

35.637 

14.632 

6.25 

2.75 

37.122 

15.252 

6.5 

2.75 

38.607 

15.852 

6.75 

2.75 

40.090 

16.461 

6. 

3. 

42.411 

17.414 

6.25 

3. 

44.178 

18.129 

6.5 

3. 

45.945 

18.865 

6.75 

3. 

47.713 

19.591 

7. 

3. 

49.480 

20.316 

7.25 

3. 

51.347 

21.042 

7.5 

3. 

53.014 

21.767 

7.75 

3. 

54.781 

22.503 

8. 

3. 

56.548 

23.219 
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CHAPTER  VIII. 

On  the  Escapement , or  ’ Scapement ; and  the  discovery  of  the  Pendu- 
lum, with  its  application  to  a Clock. 

The  escapement  is  that  part  of  a clock  or  watch  connected  with 
the  beats  which  we  hear  them  give;  and  these  beats  are  the  effects 
of  the  moving  power,  carried  forward  by  means  of  the  wheels  in  the 
movement  to  the  last  one,  which  in  a clock  is  called  the  swing  wheel , 
and  in  a watch,  the  balance  wheel.  The  teeth  of  these  wheels  act  on 
the  pallets  or  verge,  which  are  of  various  shapes,  and  which  form  the 
most  essential  part  in  an  escapement;  the  drop  from  each  tooth  of  the 
swing  or  balance  wheels  on  their  respective  pallets,  giving  one  beat 
or  impulse  to  the  pendulum  or  balance,  in  order  to  keep  up  or  main- 
tain their  motion ; and  were  it  not  for  the  pallets,  which  alternately 
stop  the  teeth  of  the  swing  or  balance  wheels,  the  motive  force  would 
have  no  check.  Hence  it  is,  that,  by  this  mechanism  of  the  escape- 
ment, the  wheels  in  the  movement  are  prevented  from  having  their 
revolutions  accelerated,  which  would  take  place  to  such  a degree,  as 
to  make  the  machine  run  down  in  a minute  or  two;  whereas,  from 
the  resistance  opposed  by  the  pallets,  it  is  kept  going  for  twenty-four 
or  thirty  hours,  for  a week,  or  a month,  or  even  for  twelve  months.  In 
such  clocks  or  watches,  however,  which,  as  a matter  of  curiosity,  have 
been  made  to  go  longer  than  a month,  there  is  less  reason  to  expect 
an  accurate  measure  of  time,  unless  great  skill  is  displayed,  not  only 
in  the  execution,  but  also  in  their  construction. 

No  part  of  a clock  or  watch  requires  so  much  skill  and  judgment 
in  the  contrivance,  and  so  much  care  and  nicety  in  its  execution,  as 
that  of  the  escapement;  and  none  of  the  escapements  of  the  present 
day  require  this  more  than  the  crown  wheel  and  verge  escapement, 
which,  when  nicely  executed  on  proper  principles,  does  extremely 
well  for  a common  pocket  watch;  but  this  is  a thing  hardly  now  to  be 
met  with. 

From  the  time  of  Dr  Hooke,  and  during  the  last  century,  many  inge- 
nious contrivances  for  escapements  were  suggested;  but  the  number  of 
those  adopted  in  practice  is  very  limited.  The  crown  wheel  and  verge 
escapement  is  represented  in  Plate  III.  No.  17.  where  V is  the  verge, 
and  0 the  crown  wheel,  p p the  pallets,  and  B B the  balance.  It  is 
the  oldest  that  is  known,  and  must  have  been  the  only  one  used  in 
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clocks  for  several  centuries  previous  to  the  middle  of  the  seven- 
teenth, or  towards  the  end  of  it.  Although  it  has  been  so  long  in 
use,  and  so  well  known  to  every  clock  and  watch-maker,  that  its 
merits  are  now  overlooked,  and  held  in  little  estimation ; yet,  if  it  is 
duly  considered,  it  will  be  found  to  have  been  a very  masterly  and 
ingenious  device.  The  crown  wheel  and  verge  are  of  such  an  odd 
shape,  that  they  resemble  nothing  that  is  familiar  to  us;  yet  some 
ancient  artist  had  contrived  it  for  the  purpose,  ( and  it  certainly  was 
an  ingenious  thought ,)  to  give  an  alternate  motion  to  a plain  wheel 
or  cross,  which  he  had  suspended  from  the  upper  end  of  its  axis  by 
a string,  whereas  formerly  it  rested  on  the  lower  end  of  the  axis  or 
foot  pivot.  This  plain  wheel  was  like  the  fly  of  our  common  kit- 
chen jack.  In  place  of  this  circular  rim  or  plain  wheel  on  the  axis, 
there  were  some  of  them  that  had  two  arms,  forming  something  like 
a cross ; on  these  were  made  notches,  concentric  to  the  axis,  in  which, 
on  each  arm,  were  hung  a small  weight;  by  shifting  these  more  or 
less  from  the  centre,  the  clock  was  made  to  go  slow  or  fast.  From 
the  weightiness  of  this  kind  of  balance,  and  the  rude  execution  of 
the  work,  the  friction  on  the  end  of  the  foot  pivot  would  be  so  great, 
that  it  is  probable  there  was  some  difficulty  to  make  the  clock  keep 
going  for  any  length  of  time.  Recourse  was  then  had  to  suspend 
the  balance  by  a small  cord,  so  that  the  end  of  the  lower  pivot  should 
not  rest  on  the  foot  of  the  potence.  This  ingenious  idea  has,  in 
modern  times,  been  adopted  both  by  Berthoud  and  Le  Roy,  who 
have  had  the  balances,  in  some  of  their  marine  time  keepers,  suspend- 
ed by  a piece  of  very  small  harpsichord  wire,  or  by  a very  delicate 
piece  of  watch  pendulum  spring  wire.  The  mechanism  of  the  move- 
ment of  these  ancient  clocks  is  exactly  the  same  as  has  been  frequent- 
ly made  for  an  alarm.  To  construct  this,  and  apply  it  to  a clock, 
there  was  hardly  a step  to  go ; and  therefore,  in  all  probability,  the 
invention  of  the  alarm  part  took  place  before  that  of  the  striking  part, 
though  some  have  thought  otherwise.  Berthoud  thought  so,  as 
appears  by  his  having  put  the  striking  part  as  the  prior  invention  of 
the  two. 

In  many  parts  of  India,  where  public  clocks  are  unknown  at 
this  day,  they  strike  the  hour  upon  a plate  of  silver,  (or  silver 
alloyed  with  some  other  metal,)  of  a lenticular  shape,  about  18 
inches  in  diameter,  and  formed  from  the  middle  of  a thin  square 
plate  of  the  same  metal.  The  plate  is  hung  by  a double  string,  on 
a cross  bar  of  wood,  whose  ends  are  supported  on  the  tops  of 
wooden  posts  fixed  firmly  in  the  ground;  and  when  the  hour  is  in- 
dicated either  by  their  sand-glasses,  clepsydrae,  or  water  dropping 
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instruments,  which  they  sometimes  use,  they  strike  with  a wooden 
mallet  on  the  circular  or  lenticular  part  of  the  plate,  and  thus  pro- 
claim the  hour  of  the  day ; the  sound  produced  is  strong,  clear,  and 
pleasant.  This  device  is  practised  in  many  of  the  towns  and  camps 
throughout  India. 

The  invention  of  the  striking  part  to  a clock  was  a more  complex 
process  than  that  of  an  alarm,  and  we  have  no  doubt  of  the  priority  of 
the  latter. 

Plate  IV.  No.  19.  represents,  in  profile,  a clock  with  an  alarm ; 
No.  20.  shows  the  dials  of  this  machine,  with  the  hours,  minutes,  and 
seconds,  as  seen  in  front.  The  small  dial  A is  that  of  the  alarm ; 
the  large  dial  concentric  with  the  small  one,  is  that  of  the  hours  and 
minutes;  and  the  dial  B is  that  of  the  seconds.  The  wheel  work  of 
the  movement,  No.  19.  is  composed  of  four  wheels  contained  in  the 
frame  CD;  H is  the  great  wheel,  which  carries  on  its  arbor  a pul- 
ley, in  whose  groove  are  fixed  several  steel  pins  with  sharp  points, 
serving  to  enter  into  the  texture  of  the  cord  carrying  the  weight  F 
of  the  going  part,  and  the  counter  weight  G.  This  pulley  carries 
the  encliquetage , a kind  of  click  and  ratchet  work,  by  means  of  a 
step  spring,  and  the  crosses  of  the  great  wheel,  so  that  when  the 
counter  weight  is  drawn  down,  it  winds  up  the  weight  F. 

The  first  wheel  H makes  its  revolution  in  an  hour,  its  axis,  which 
is  also  that  of  the  pulley,  carries  the  pivot  b prolonged  outside  of  the 
plate  C.  This  pivot  carries  a cannon,  (or  socket,)  on  the  end  of 
which  is  fitted  the  minute  hand,  on  the  lower  end  is  riveted  the 
wheel  c,  which  pitches  into  the  wheel  d of  the  same  diameter  and 
number  of  teeth;  the  axis  of  the  wheel  d carries  the  pinion  e,  which 
pitches  in  and  leads  the  wheel  f that  makes  a turn  in  12  hours,  and 
its  socket  carries  the  hour  hand. 

The  wheel  H,  which  has  64  teeth,  pitches  into  the  pinion  g of  8 
leaves.  The  axis  of  this  pinion  carries  the  wheel  I of  60  teeth, 
which  pitches  into  the  pinion  h of  8 leaves;  this  makes  60  turns  for 
one  of  the  wheel  H,  and  consequently  one  turn  in  a minute ; and  the 
hand  i,  carried  by  the  long  pivot  of  the  axis  h,  points  out  the  seconds 
on  the  dial  B,  No.  20. 

The  axis  of  the  second’s  pinion  k carries  the  contrate  wheel  K, 
which  has  48  teeth;  it  pitches  into  the  pinion  k of  12  leaves.  The 
axis  of  this  pinion  carries  the  wheel  of  rencounter,  or  crown  wheel  L 
of  15  teeth.  This  wheel  makes  escapement  with  the  pallets  /,  in, 
carried  by  the  axis  of  the  balance  M M,  which  is  the  regulator  of  the 
machine. 

At  each  revolution  of  the  crown  wheel  L,  the  balance  makes  twice 
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15  vibrations,  that  is  to  say,  30;  and  this  wheel  makes  4 turns  for 
one  of  the  wheel  for  seconds,  so  that  the  balance  makes  120  vibra- 
tions in  a minute,  and  7200  in  an  hour;  each  of  these  vibrations, 
then,  is  half  a second  of  time,  and  the  second's  hand  makes  two  beats 
in  a second. 

The  mechanism  of  the  alarm  part,  which  is  very  simple,  is  con- 
tained in  the  second  frame  N 0,  connected  with  that  which  encloses 
the  wheel  work  or  movement  of  the  going  part  of  the  clock. 

The  crown  wheel  P,  or  that  of  the  escapement,  carries  on  its  axis 
the  pulley  Q,  (of  the  same  kind  as  that  on  the  going  great  wheel  H) 
surrounded  or  overlapped  with  the  cord  which  supports  the  weight 
R,  the  mover  of  the  alarm,  and  its  counterweight  S.  This  pulley 
makes  a kind  of  click  and  ratchet  work,  with  that  of  the  wheel  P for 
the  winding  up  of  the  weight  R. 

The  teeth  of  the  wheel  P escape,  with  the  pallets  w,  o,  formed  on 
the  vertical  axis  T V,  whose  kneed  arm  p p,  q q,  forms  in  x the 
hammer  of  the  alarm.  This  hammer  is  in  form  of  a small  cylinder, 
the  two  ends  of  which  are  shaped  somewhat  like  a hemispherical  but- 
ton, or  it  is  a cylinder  of  a large  diameter,  with  hemispherical  ends, 
as  seen  at  No.  19.  and  strikes  alternately  upon  the  opposite  inside 
edges  of  a bell,  which  is  not  represented  in  the  plate. 

The  alarm  wheel  P carries  on  its  circumference  a pin,  which  serves 
to  stop  the  alarm  after  winding  up  the  weight : this  stop  is  made  by 
means  of  the  arm  p of  the  detent  p , q , r,  put  within  the  frame  com- 
posed of  the  dial-plate,  and  that  of  the  back  plate  0 of  the  alarm  part. 
To  make  the  detention  of  the  alarm,  there  is  placed  on  the  socket 
of  the  hour  wheel,  another  socket  which  carries  the  dial  of  the  alarm 
t , and  a counter  spring  s,  on  which  is  fixed  a pin,  which  serves  to 
raise  the  arm  r of  the  detent  />,  q,  r ; so  that  the  arm  p is  drawn  up 
from  the  wheel  P,  and  disengages  the  pin  which  it  carries ; the  alarm 
then  sets  off,  and  strikes  rapidly  on  the  bell. 

In  order  that  the  alarm  may  set  off  at  the  precise  hour  at  which  one 
wants  to  be  awakened,  it  is  only  turning  the  dial  A of  the  alarm,  No. 
20.  so  that  the  cypher  of  the  hour  required  is  placed  under  the  small 
end  v of  the  hour  hand.  If  it  is  wanted  that  it  should  give  the  alarm 
at  four  hours  and  a half,  place  the  dial  as  it  is  seen,  No.  20.  between 
the  ciphers  4 and  5,  &c. 

On  comparing  the  alarm  part  of  this  clock,  with  the  escapement- 
work  in  that  of  Vick's,  the  difference  may  be  said  to  be  very  little;  for 
a pulley,  when  put  on  the  arbor  of  Vick's  crown  wheel,  and  into  it  a 
pin,  along  with  the  other  apparatus  which  has  just  now  been  described, 
will  truly  constitute  what  may  be  called  an  alarm.  The  mechanism 
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of  an  alarm  part  is  greatly  improved  by  making  it  in  such  a way  as 
we  sometimes  have  done,  and  here  it  is  actuated  by  a spring,  in  place 
of  a weight  as  in  the  former,  not  that  this  difference  is  considered  as 
any  part  of  the  improvement.  The  wheels  are  72,  64,  and  60,  three 
pinions  of  8,  eight  semi-circular  steel  lifting  pins,  set  alternately  on 
each  side  of  the  wheel  of  64,  with  two  hammers  and  a bell  to  eacji, 
on  separate  and  slender  bell-studs;  by  this  means,  each  bell  re- 
tains the  sound  brought  out  of  it  by  its  own  hammer,  and  no  jarring 
or  confused  disagreeable  sort  of  noise  can  take  place  as  in  the 
old  way,  from  which,  however,  few  or  none  of  the  modern  alarms 
differ.  The  fly  and  its  pinion  will  make  3.75  revolutions  for  the 
lifting  of  each  of  the  hammers.  A wheel  of  48,  in  place  of  60,  would 
give  3 revolutions  for  the  lift.  The  alarm  barrel  and  spring  is  put 
on,  and  inside  of  the  fore-plate,  the  great  wheel  of  72  lays  near  to  the 
pillar  plate,  the  fly  turns  behind  the  pillar-plate,  and  may  be  made 
somewhat  like  that  which  is  frequently  used  for  the  quarter  part  of  a 
clock ; that  is,  so  as  at  pleasure  it  can  be  set  to  moderate  the  velocity 
of  the  train  of  wheels,  by  extending  the  wings  {or  vanes)  more  or  less. 
The  length  of  the  fly  over  all  may  be  from  2.5  to  4 inches,  the  weight 
about  118  grains.  If  the  main  spring  of  the  alarm  makes  four  turns 
in  the  barrel,  the  time  of  the  alarm  running  may  be  from  a minute 
to  two  minutes,  according  to  existing  circumstances. 

The  opinion,  viz.  that  the  alarm  part  was  a prior  invention  to  the 
striking  part  in  clocks,  is  strongly  corroborated  by  the  observations  of 
Hamberger,  in  Beckman’s  History  of  Inventions.  “ These  horo- 
logia,” he  remarks,  “ not  only  pointed  out  the  hours  by  an  index,  but 
emitted  also  a sound.  This  we  learn  from  Primaria  Instituta  Ca- 
nonicorum  Prcemonstatentium , where  it  is  ordered  that  the  sacristan 
should  regulate  the  horologium,  and  make  it  sound  before  matins  to 
awaken  him.  I dare  not,  however,  venture  thence  to  infer,  that  these 
machines  announced  the  number  of  the  hour  by  their  sound,  as  they 
seem  only  to  have  given  an  alarm  at  any  proposed  time  of  getting  up 
from  bed.  I have  indeed  never  yet  found  an  author  where  it  is  men- 
tioned that  the  number  of  the  hour  was  expressed  by  them;  and  when 
we  read  of  their  emitting  a sound,  we  are  to  understand,  that  it  was 
for  the  purpose  of  awakening  the  sacristan  to  prayers.  The  expres- 
sion horologium  cecidit , which  occurs  frequently  in  the  before  quo- 
ted writers,  I consider  as  allusive  to  this  sounding  of  the  machine. 
Du  Fresne,  in  my  opinion,  under  the  word  horologium , mistakes  the 
expression,  de  ponderihus  in  imum  delapsis , because  the  machine 
was  then  at  rest,  and  could  raise  neither  the  sacristan,  or  any  one 
else,  whose  business  it  was  to  beat  the  scilla .” 
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When  an  alarm  is  set  off,  the  weight  which  is  the  moving  force  of 
it  very  soon  falls  to  the  bottom,  and  then  the  alarm  ceases. 

In  attempting  to  make  the  first  escapement,  there  can  be  little 
doubt  that  something  of  the  circular  or  cylindrical  kind  was  contrived 
or  discovered,  and  the  only  thing  which  could  give  it  an  alternate 
motion,  was  either  a spiral  spring  or  a pendulum;  but  these  things 
being  then  unknown,  the  clock-maker  was  obliged  to  seek  after  other 
methods,  and  at  last  produced  the  crown  wheel  and  verge  escapement. 
How  came  it  that  means  so  complicated  were  taken,  when  those  which 
were  more  simple  and  better  were  overlooked  \ 

It  is  a very  singular  circumstance,  that  as  a small  ball  or  weight, 
when  suspended  by  a slender  thread,  and  drawn  a little  aside  from 
the  perpendicular,  on  being  let  go,  continues  to  vibrate  for  a consi- 
derable time,  and  with  the  utmost  regularity;  and  as  many  things  in 
domestic  life  were  hung  up  or  suspended  by  strings,  and  were  every 
day  seen  or  observed:  yet  so  long  a time  elapsed  before  any  thing  of 
this  kind  was  ever  thought  of,  or  applied  to  regulate  the  motion  of  a 
clock  ! It  is  said  that  Galileo  took  his  idea  of  a pendulum  from  the 
motion  of  a lamp  suspended  from  the  roof,  or  ceiling  of  a church, 
which  had  been  accidentally  set  a vibrating.  He  used  the  simple 
pendulum,  in  his  astronomical  observations,  long  before  it  was  applied 
to  a clock.  Some  of  the  earlier  astronomers,  as  well  as  Galileo,  used 
a common  string  and  ball,  which  they  made  to  vibrate  a little  while 
during  the  time  of  an  observation  of  any  of  the  heavenly  bodies  ; 
yet  even  these  astronomers  did  not  think  of  its  application  to  clocks. 
Many  watch-finishers,  when  their  watch  is  finished,  for  want  of  a 
'pendulum  dock , regulate  it  by  means  of  a ball  and  string,  which  will 
answer  very  well,  by  taking  50  vibrations  of  a pendulum,  whose  os- 
cillations are  made  in  a second,  in  the  same  time  that  the  contrate 
wheel  of  a common  watch  ought  to  make  one  revolution. 

As  gravitation  is  the  principle  on  which  the  isochronal  motion  of 
a pendulum  is  founded,  it  cannot  properly  be  considered  as  an  inven- 
tion, as  some  have  called  it,  whatever  name  may  be  given  to  it  when 
applied  to  regulate  the  motion  of  a clock.  The  pendulum  having 
before  this  been  long  known  in  its  simple  state,  and  used  as  a sort  of 
time-measurer,  it  was  no  wonder  that  the  idea  of  applying  it  to  a clock 
was  entertained  by  several  persons  nearly  about  the  same  period. 
The  movement  of  the  ancient  balance  clocks  was  not  adapted  for  the 
application  of  the  pendulum,  so  as  readily  to  give  motion  to  it.  The 
wheels  in  them  were  all  flat  ones,  except  the  crown  wheel,  and  no 
other  escapement  at  this  time  was  known  but  that  of  the  crown  wheel 
and  verge;  so  that,  without  considerable  difficulty  and  invention, 
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the  pendulum  could  not  well  be  applied  to  this  construction  of  a clock 
movement.  The  pocket  watch  had  been  made  a considerable  time 
before  this,  and  the  construction  of  its  movement,  which  had  a con- 
trate  wheel  in  it,  would  naturally  lead  them  to  that  of  one  which 
would  adapt  itself  to  the  motion  of  a pendulum,  as  by  means  of  the 
contrate  wheel,  the  arbor  of  the  crown  wheel  could  be  made  to  stand 
in  a vertical  position,  whereas,  in  the  old  balance  clocks,  the  position 
was  horizontal.  Galileo  seems  early  to  have  discovered  the  proper- 
ties of  the  pendulum;  it  has  been  said,  as  early  as  towards  the  end 
of  the  sixteenth  century,  and  their  investigation  long  after  that  was 
prosecuted  with  great  success  by  Huyghens. 

The  son  of  Galileo  applied  the  pendulum  to  a clock  at  Venice,  in 
the  year  1 649 ; but  to  what  sort  of  a movement  we  cannot  pretend 
to  say,  though  we  suspect,  from  that  want  of  success  which  seems  to 
have  attended  his  trials,  that  he  had  not  adopted  the  contrate  wheel 
movement,  already  mentioned,  as  the  most  proper  for  it.  We  know 
that  Huyghens  made  use  of  this  sort  of  movement,  as  the  only 
one  fit  to  be  regulated  by  the  motion  of  the  pendulum,  which  he  had 
also  applied.  Of  late,  another  candidate  for  the  application  of  the 
pendulum  to  a clock  has  been  brought  forward  by  such  respectable  au- 
thority, that  leaves  little  or  no  room  to  doubt  of  its  authenticity. 
Mr  Grignion  informs  us,  “ that  a clock  was  made  in  1642,  by  Bich- 
ard Harris  of  London,  for  the  church  of  St  Paul’s,  Covent  Garden, 
and  that  this  clock  had  a pendulum  to  it.”  It  appears,  from  un- 
questionable evidence,  that  Galileo,  mathematician  to  the  Grand 
Duke  of  Tuscany,  first  discovered  the  properties  of  the  pendulum, 
used  it  in  his  astronomical  observations,  as  has  been  already  men- 
tioned, and  wrote  a tract  explaining  its  principles.  This  tract 
was  translated  from  the  Italian  into  French  at  Paris,  printed  in  1639, 
in  a duodecimo  volume,  and  sold  by  Pierre  Ricolet.  Galileo  in- 
tended to  apply  it  to  a clock,  but  this  he  never  put  in  execution.  Fa- 
ther Alexander  says,  “ that  they  had  nothing  better  than  the  balance 
clocks  in  France  until  the  year  1660.” 

It  may  be  observed,  that  the  application  of  the  pendulum  to  a clock, 
and  of  the  spiral  spring  to  the  balance  of  a watch,  were  the  greatest 
improvements  that  could  possibly  have  been  made  in  the  machinery  of 
time-measuring,  and  they  both  happened  to  have  been  brought  into 
use  nearly  about  the  same  period. 

Seeing  that  Daniel  and  Thomas  Grignion  had  been  watch-makers 
in  London  as  early  as  1640,  if  not  before,  were  long  afterwards  in 
great  repute,  men  of  integrity,  and  great  ingenuity,  especially 
Thomas,  who  has  left  us  in  sueli  a positive  manner  this  account  of 
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Harris’s  pendulum  clock,  that  a doubt  of  the  fact  cannot  well  be  ad- 
mitted; and  although  it  had  not  till  of  late  got  any  kind  of  publicity, 
yet  this  cannot  be  a sufficient  reason  to  make  us  withhold  our  assent 
to  it.  Galileo  had  published  an  account  of  the  nature  and  properties 
of  the  pendulum  a few  years  before  Harris’s  clock  was  made,  who 
may  have  by  some  means  got  hold  of  it,  and,  being  a clock-maker, 
might  very  readily  fall  on  the  way  of  applying  a pendulum  to  his 
clock.  Inigo  Jones  was  the  architect  for  the  church  of  St  Paul’s, 
Covent  Garden,  he  had  been  twice  in  Italy  during  the  time  that  Ga- 
lileo flourished,  and  possibly  may  have  communicated  to  Harris  what 
he  might  have  heard  in  Italy  of  a pendulum. 

Justus  Borgen,  or  Byrgius,  a Swiss,  who  was  allowed  to  be  an  ex- 
cellent mechanic,  as  well  as  a profound  mathematician  and  astrono- 
mer, is  said  to  have  put  a pendulum  to  a clock,  and  this  at  a consi- 
derable time  before  that  of  Harris’s.  Beins;  much  eno-ao-ed  in  making* 
philosophical  and  mathematical  instruments  of  various  kinds,  he 
may  probably  have  seen  the  nature  of  a swinging  body  or  pendu- 
lum, and  adapted  it  to  his  clock;  or  he  may  have  heard  of  what  had 
been  done  or  published  by  Galileo,  who  was  well  on  in  the  vigour  of 
life  somewhile  before  Tycho  Brahe  came  to  Prague. 

The  evidence  for  this,  as  will  be  seen  in  the  sequel,  surely  carries 
along  with  it  such  a degree  of  respect,  that  there  seems  to  be  no  ra- 
tional ground  to  refuse  or  deny  it. 

Berthoud  has  a train  of  arguments  against  that  of  Borgen  having 
applied  the  pendulum  to  a clock,  yet  says,  “ considering  his  great 
abilities,  it  is  not  improbable,  but  from  not  having  published  it,  he 
is  not  entitled  to  the  merit  of  it.”  The  arguments  used  here  against 
Borgen  may  come  equally  so  to  Harris.  44  That  because  a pendulum 
clock  was  not  known  in  France  before  the  year  1660,  it  is  not  likely 
that  it  could  have  been  applied  any  where  else  for  any  length  of  time, 
before  this  period,” — 44  that  so  great  an  improvement  as  this  is  to  a 
clock  could  not  fail  to  be  soon  and  widely  spread  abroad.”  It  may, 
however,  be  remarked,  that  there  are  many  things  of  great  utility 
that  get  diffused  but  very  slowly  and  gradually  after  the  discovery. 
Watch- jewelling , for  instance,  was  practised,  as  a trade,  in  London 
nearly  an  hundred  years  before  it  was  introduced  in  Paris,  or  even 
Geneva,  the  native  place  of  the  invention.  Indeed,  this  art  was  so 
long  established  in  London,  that  most  of  the  watch-makers  there 
thought  it  an  English  invention,  at  least  we  found  this  to  be  their 
general  opinion  in  the  year  1797,  when  in  that  city,  on  a de- 
putation from  Edinburgh  for  effecting  the  repeal  of  the  watch 
tax  act.  In  corroboration  of  this,  we  shall  insert  what  has  been 
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said  on  the  subject  by  a very  eminent  French  author.  44  Nous 
finirons,  en  annoncant  que  les  Cit.  Mole  et  Magnin,  artistes  de  Ge- 
neve, qui  avoient  travaille  a Paris,  chez  le  Cit.  Berthoud,  ont  execu- 
tee  en  1798,  une  montre  marine,  qui  a ete  eprouvee  avec  le  plus 
grand  succes  dans  Pobservatoire  de  Geneve,  (Bibliotheque  Britan- 
nique , An.  7.)  Ils  y font  usage  de  Part  de  percer  les  rubis,  ancien- 
nement  porte  de  Geneve  en  Angleterre,  et  qu’ils  ont  apprit  du  Cit. 
Mallet,  qui  avoit  travaille  a Londres  chez  Harlay,  possesseur  de  cet 
art;  le  Cit.  Louis  Berthoud  se  Pest  aussi  procure.1’  Yoyez,  Histoire 
des  Matkematiques , par  J.  E.  Montucla.  Tome  quatrieme,  p.  568.  A 
Paris,  Mai  1802.  Which,  in  English,  is  this,  44  We  shall  conclude 
by  mentioning,  that  the  citizens  Mole  and  Magnin,  artists  of  Geneva, 
who  had  practised  at  Paris  with  citizen  Berthoud,  made,  in  1798,  a 
marine  (time-keeper)  watch,  which  has  been  tried  in  the  Observatory 
at  Geneva,  where  it  gave  satisfactory  proofs  of  its  great  regularity. 
( Bibliotheque  Britannique , An.  7.)  In  it  they  made  use  of  the  art 
of  piercing  rubies,  formerly  carried  from  Geneva  into  England,  in 
which  they  had  been  taught  by  citizen  Mallet,  who  had  worked  in 
London  with  Harley , a watch-jeweller  there.  Citizen  Louis  Ber- 
thoud is  also  a master  in  this  branch  of  watch-making.”  See  The 
History  of  Mathematics , by  J.  E.  Montucla,  vol.  iv.  p.  568.  Paris, 
May,  1802. — We  knew  Harley  to  be  an  excellent  maker  of  ruby  cylin- 
ders, haring  frequently  employed  him  in  that  way. 

With  regard  to  the  pendulum  clocks  of  Borgen,  Harris,  and  even 
those  of  Huyghens,  they  all  had  the  old  crown  wheel  and  verge  es- 
capement, and  pendulums  of  no  great  length,  consequently  their  pre- 
cision of  time-keeping  was  not  so  great  as  to  attract,  or  much  interest 
the  attention  of  astronomers  or  of  artists,  unless  in  so  far  as  the  latter 
were  professionally  interested. 

44  Among  them,”  says  Derham,  44  that  have  claimed  the  merit  of 
the  invention,  the  great  Galileo  hath  the  most  to  be  said  on  his  side. 
Dr  J ohn  J oachim  Becher,  (who  printed  a book  when  he  was  in  Eng- 
land, entitled,  De  Nora  temporis  dimetiendi  ratione  Theorice , &c. 
which  he  dedicated  to  the  Royal  Society,  anno  1680,)  he,  I say,  tells 
us,  4 that  Count  Magalotti  (the  Great  Duke  of  Tuscany’s  resident  at 
the  Emperor’s  court)  told  him  the  whole  history  of  these  pendulum 
clocks,  and  denied  Mr  Zulichem  to  be  the  author  of  them.  Also, 
that  one  Trefller  (clock-maker  to  the  father  of  the  Great  Duke  of 
Tuscany)  related  to  him  the  like  history:  and  said,  moreover,  that 
he  had  made  the  first  pendulum  clock  at  Florence , by  command  of 
the  Great  Duke,  and  by  the  directions  of  his  mathematician  Galileus 
a Galileo,  a pattern  of  which  was  brought  to  Holland.  And  farther 
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lie  saith,  that  one  Caspar  Boms , a Fleming,  and  mathematician  to 
John  Philip  a Schonbern , (the  late  Elector  of  Mentz),  told  him 
that  he  had  seen  at  Prague,  in  the  time  of  the  Emperor  Rudolphus, 
(who  reigned  from  1576  to  1612,)  a pendulum  clock  made  by  the 
famous  Justus  Borgen,  mechanic  and  clock-maker  to  the  Emperor, 
which  clock  the  great  Tycho  Brahe  used  in  his  astronomical  obser- 
vations.” 

An  epitome  of  this  celebrated  astronomer’s  history  shall  be  given, 
as  it  tends  in  some  degree,  to  confirm  this  account  as  given  by  Be- 
cher.  Derham,  after  Sturmius,  says,  “ that  Riecioli  first  made  use 
of  pendulums  to  measure  time.”  This  seems  to  be  incorrect,  as  Ga- 
lileo knew  the  properties  of  the  pendulum  even  before  Riecioli  was 
born.  See  Derham  s Artificial  Clock-maker.  Having  given  a histori- 
cal detail  of  the  first  pendulum  clocks,  it  is  left  for  the  reader  to  judge 
for  himself,  who,  it  is  hoped,  will  also  excuse  any  repetitions  that  may 
have  occurred,  arising  from  causes  which  are  nowise  necessary  to  be 
explained  here. 

Tycho  Brahe  having  attained,  by  his  astronomical  labours,  so  much 
honour  and  fame,  as  to  draw  upon  him  (during  the  minority  of  a young 
prince)  the  envy  of  a few  illiberal  courtiers  of  Denmark,  who  got 
him  removed  from  his  observatory  and  place  of  residence,  which  he 
had  erected  on  the  small  island  of  Huen,  in  order  to  deprive  him  of 
the  power  of  prosecuting  his  observations  ; he  came  then  to  Copenha- 
gen, and  had  not  been  long  there,  when,  persecuted  by  the  same  blind 
malignity,  he  was  ordered  by  the  minister  to  desist  from  his  astrono- 
mical and  chemical  pursuits.  It  was  these  circumstances  which  led 
him  to  Prague  in  1599,  where  Rudolphus,  who  well  knew  his  merits, 
patronised  him,  and  gave  him  a considerable  pension,  and  a castle,  at 
five  miles  distance,  for  himself  and  family  to  reside  in.  It  must  have 
been  at  this  period  that  he  used  the  pendulum  clock,  said  to  have 
been  made  by  Justus  Borgen.  But  he  did  not  live  long  to  enjoy 
the  generous  appointment  of  the  Emperor  Rudolphus,  being  very  sud- 
denly carried  off  by  an  acute  disease,  induced  by  an  over  delicacy  in 
a retention  of  water,  in  the  year  1601,  and  in  the  fifty-fifth  year  of 
his  age. 


Description  of  Huy ghens  Clock. 

Plate  IV.  No.  21,  represents  a view  of  it  in  profile;  A A,  B B, 
are  two  plates  placed  vertically.  They  are  6 inches  in  height,  and 
2 inches  and  a half  broad,  and  connected  together  by  four  pillars 
placed  at  the  angles.  The  height  of  these  pillars  is  one  inch  and 
a half,  the  pivots  of  the  arbors  of  the  principal  wheels  run  in  these 


182 


HUYG HENS’  CLOCK. 


plates.  The  first  wheel  marked  C has  80  teeth,  and  2 inches  and  a 
half  in  diameter;  it  carries  on  its  arbor  a pulley  D,  whose  convex 
edge  is  furnished  with  sharp  steel  points,  to  prevent  the  cord  which 
laps  over  it  from  slipping,  and  to  this  cord  two  weights  are  attached, 
as  shall  afterwards  be  explained.  The  wheel  0 then  receives  its 
motion  by  one  of  the  weights,  and  communicates  it  to  the  pinion  E 
of  8 leaves,  and  consequently  to  the  wheel  F of  48  teeth,  which  has 
the  same  arbor  as  the  pinion.  The  wheel  F drives  the  pinion  G, 
and  the  contrate  wheel  H on  the  same  arbor  with  G,  having  48  teeth. 
It  is  from  the  last  wheel  that  the  pinion  I and  the  wheel  K receive 
their  motion;  the  pinion  I is  of  24  leaves,  and  the  wheel  K 15  teeth, 
inclined  as  represented  in  the  figure.  N Q and  P are  two  cocks 
fixed  on  the  plate  B B.  The  extremities  P and  Q of  the  two  cocks 
carry  the  pivots  of  the  verge  L M,  and  the  projecting  part  of  the 
cock  Q is  pierced  with  two  holes,  one  for  the  traverse  of  the  verge 
L M,  the  other  which  receives  the  upper  pivot  of  the  arbor  of  the 
wheel  K.  The  arbor,  or  verge  L M,  (which  also  crosses  the  plate 
B B,)  carries  the  two  pallets  L L,  which  must  be  alternately  raised, 
in  contrary  directions,  by  the  teeth  of  the  wheel  K.  The  part  INI 
of  the  verge  L M,  which  goes  outside  of  the  frame,  carries  the  fork 
S,  between  which  passes  the  rod  Y V of  the  pendulum  Y X,  sus- 
pended by  means  of  two  threads  between  the  cycloidal  cheeks,  of 
which  T is  the  profile,  but  seen  moreover  in  perspective  in  No.  y,  both 
show  sufficiently  how  the  whole  is  connected. 

Moreover,  here  is  what  regards  the  disposition  and  going  of  the 
hands;  g g is  a third  plate,  and  parallel  to  the  two  first,  distant  a 
quarter  of  an  inch  from  the  plate  A A.  Through  the  centre  of  the 
dial,  traced  on  this  plate,  the  arbor  of  the  wheel  C is  lengthened  out. 
On  the  dial  are  traced  two  concentric  circles,  one  divided  into  12,  the 
other  into  60  parts.  On  the  arbor  of  the  wheel  0,  and  outside  of 
the  plate  A A,  the  canon  or  socket  of  the  wheel  a is  put  on  spring 
tight,  and  goes  as  far  as  e through  the  plate  g g,  and  can  turn  with 
the  wheel  C,  or,  independent  of  it,  when  thought  proper  to  make  it  do 
so,  it  is  at  the  point  e , where  the  minute  hand  is  put.  With  regard 
to  the  wheel  a , it  drives  a wheel  b of  the  same  number  of  teeth,  whose 
axis  carries  a pinion  of  6 leaves,  one  of  its  pivots  run  in  the  plate 
A A,  the  other  in  the  cock  c , screwed  on  to  the  plate  A A. 

Lastly,  this  last  pinion  leads  the  wheel  d of  72  teeth,  whose  socket 
goes  on  that  of  the  wheel  a , coming  below  0,  and  passes  like  it 
through  the  plate  g g;  the  end  of  this  socket  carries  the  hour  hand, 
which  is  a little  shorter  than  the  minute  hand.  With  regard  to  the 
seconds,  to  avoid  confusion,  the  arbor  of  the  wheel  H,  which  is  pro- 
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longed  as  far  as  the  plate  g g , carries  a dial  f f divided  into  60  parts, 
which  turns  in  the  same  time  as  the  wheel  H,  and  an  index  g fixed 
to  the  upper  part  of  the  opening  made  on  the  plate  g g , marks  the  se- 
conds, according  as  the  divisions  pass. 

It  shall  now  be  shown,  in  what  way  the  going  weight  was  applied 
by  Huyghens,  so  as  to  keep  the  clock  going  during  the  time  of  wind- 
ing up,  a contrivance,  says  he,  hitherto  not  thought  of,  and  which  de- 
served some  consideration.  The  cord  which  is  used  here  is  continu- 
ed, that  is,  its  ends  are  joined  together,  and  hence  it  may  be  called 
an  endless  cord.  It  is  first  passed  over  the  pulley  D,  attached  to  the 
great  wheel  0,  (or  its  representative  A,  No.  22),  from  whence  it  comes 
down,  and  takes  in  the  pulley  d,  (of  the  main  weight  P)  passing  un- 
der it  and  carried  upwards,  it  passes  over  and  takes  in  the  ratchet 
pulley  H,  which  turns  on  a stud,  fixed  to  the  inside  of  the  back  plate 
of  the  clock  frame.  From  this  pulley  the  cord  comes  down,  and  goes 
under  the  pulley  f which  carries  the  counter  weight  p,  in  order  to 
prevent  the  main  weight  P from  descending,  (otherwise,  than  when 
making  the  pulley  D,  and  the  great  wheel  C to  turn),  and  lastly,  from 
the  pulley  f the  cord  returns  to  the  first  pulley  A or  D.  The  ratch- 
et pulley  H,  like  D has  jagged  steel  points  inserted  in  the  bottom  of 
the  groove,  besides  having  a click  and  spring  to  prevent  its  turning 
backward;  and  can  only  turn  one  way,  by  pulling  down  the  cord  at 
m,  when  it  is  wanted  to  raise  up  the  main  weight  P.  It  is  clear  by 
this  way,  that  the  main  weight  P,  exerts  only  half  of  its  force  to  turn 
the  wheel  work,  and  this  effort  is  not  suspended  during  the  time  that 
the  going  weight  is  brought  up.  This,  we  may  observe,  is  the  first 
application  of  a going  work  in  time  of  winding.  See  Horlogium 
Oscillator ium.  Paris , 1673,  p.  5.  Or  Histoire  de  la  Mesure  du 
Temps  par  les  Horloges , par  Ferdinand  Berthoud.  Tome  premier.  A 
Paris,  An  X.  (1802  V.  S.j 

In  some  of  the  old  Dutch  striking  clocks  of  30  hours  going,  an 
endless  cord  went  over,  not  only  the  pulley  of  the  going  part,  but  also 
over  that  of  the  striking  part,  and  one  weight  served  for  both ; the 
winding  up  was,  by  pulling  down  the  cord  from  the  striking  side,  the 
pulley  on  the  great  wheel  there  having  a circular  steel  step  spring,  the 
step  butted  against  the  crosses  of  the  wheel,  when  the  force  of  the 
weight  was  applied,  but  passed  them  freely  when  winding  up. 

Notwithstanding  the  application  of  the  pendulum,  and  the  inge- 
nious contrivance  of  cycloidal  cheeks  by  Huyghens,  in  order  to  make 
the  long  and  short  vibrations  be  performed  in  nearly  as  equal  times 
as  possible;  yet  these  clocks  did  not  keep  time  with  that  correctness 
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which  was  expected.  This  arose  from  the  great  extent  of  the  arc 
of  vibration,  the  lightness  of  the  pendulum  ball,  the  great  dominion 
which  the  clock  had  over  the  pendulum,  and  the  bad  effects  produced 
by  the  cycloidal  cheeks,  which,  however  excellent  in  theory,  were 
never  found  useful  in  practice. 

This  led  artists  and  amateurs  of  the  profession  to  think  of  farther 
means  of  improvement.  Accordingly,  about  the  year  1680,  a clock 
was  made  by  W.  Clement,  a clock-maker  in  London,  having,  in  place 
of  the  crown  wheel  and  verge  escapement,  an  escapement  which  was 
nearly  the  same  as  the  common  recoiling  one  of  the  present  day.  The 
swing  wheel  S W,  Plate  IV.  No.  23,  was  flat,  having  a sort  of  ratchet 
or  saw-like  teeth,  and  the  pallets  P P,  had  a remote  resemblance  to  the 
head  of  an  anchor,  by  which  it  acquired  at  that  time  the  name  of  the 
anchor  escapement.  The  ball  of  the  pendulum  was  made  much  heavier 
than  what  formerly  had  been  used,  the  arc  of  vibration  much  shorter, 
and  the  motive  force  much  less.  From  the  excellent  time-keeping  of 
the  clock,  this  was  found  to  be  a great  improvement,  and  hence  this 
escapenient  was  afterwards  generally  adopted.  It  passed  into  Hol- 
land, Germany,  but  was  hardly  known  in  France  until  the  year  1695. 
See  Histoire  de  la  Mesure  du  Temps , tom.  i.  p.  100. 

At  the  time  this  clock  of  Clement’s  appeared,  Hr  Hooke  claimed  the 
invention  of  it  as  his,  and  affirmed,  that  after  the  great  fire  of  London 
in  1666,  he  had  shown  to  the  Royal  Society,  a clock  with  this  very 
escapement.  “ Considering,”  says  Sully  in  his  Histoire  des  Echappe- 
mens , “ the  genius,  and  the  great  number  of  fine  discoveries  of  this  ex- 
cellent man,  I see  no  room  to  doubt  that  he  was  the  first  inventor  of 
it.”  The  pendulum  with  this  escapement  had  received  the  name  of 
the  Royal  Pendulum. 

Robert  Hooke  came  to  Oxford  as  a poor  scholar,  and  brought 
with  him  a number  of  mechanical  nick-nacks,  which  he  had  made  at 
home.  His  mechanical  genius  soon  made  him  known  to  the  members 
of  the  Invisible  Society  there,  who  employed  him  to  work  for  them, 
making  apparatus  for  their  experiments.  Dr  Ward,  afterwards 
Bishop  of  Salisbury,  took  a liking  for  him,  and  instructed  him  in 
mathematics  and  astronomy.  He  urged  him  to  try  his  mechanical 
genius  in  contriving  an  escapement  for  a pendulum.  It  would  appear 
that  they  found  that  the  escapement  for  a balance,  which  had  long 
been  in  use,  did  not  answer,  probably  because  it  required  very  wide 
vibrations,  which  were  found  to  be  not  so  equable  as  required;  and 
Hooke  invented  this  some  time  before  February  1656;  for  there  are 
observations  of  a solar  eclipse  made  in  that  month,  at  Oxford,  by  a 
pendulum  clock. 
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Hooke's  father  was  a watch-maker  at  Bayeswater,  in  the  Isle  of 
Wight,  where  he  had  probably  been  taught  to  work.  The  contrivances 
and  inventions  of  Hooke  are  numerous,  and  all  of  them  very  ingeni- 
ous. A catalogue  of  them  has  been  selected  from  his  works  and  others, 
by  the  late  Professor  Robison,  who  was  a great  admirer  of  his  inge- 
nuity, and  is  inserted  in  the  Supplement  to  the  third  edition  of  the 
Encyclopaedia  Britannica,  under  the  article  Hr  Robert  Hooke.  His 
researches  were  much  the  same  as  those  afterwards  pursued  by  the 
immortal  Newton,  whose  prototype  he  seems  to  have  been.  He  also 
proposed  to  make  a clock  to  register  the  changes  in  the  barome- 
ter. Cumming  may  have  taken  up  this  idea  of  Hooke's,  having 
made  a barometrical  clock  for  his  late  Majesty  King  George  the  Third; 
though  this  is  not  mentioned  in  the  Supplement,  yet  it  is  said  to  be 
one  of  Hooke’s  inventions,  as  stated  in  the  Professor’s  manuscript 
Catalogue  of  them,  in  our  possession. 

Dr  Hooke's  claim  to  the  merit  of  the  invention  of  the  anchor  pal- 
let escapement  appears  to  be  completely  confirmed  by  the  silence  of 
Smith  in  his  Horological  Disquisitions,  which  were  published  not 
very  long  afterwards,  who  then,  and  who  is  the  only  one  that  has 
mentioned  several  improvements  applied  to  a clock  made  by  Clement , 
but  takes  no  notice  of  the  anchor  pallets,  a thing  at  that  time  (1680) 
so  new,  and  which,  from  their  very  construction  or  figure,  could  not  be 
used  without  adopting  the  consequences  to  which  they  would  naturally 
lead,  viz.  the  pendulum  rod  to  be  longer,  the  ball  much  heavier  than 
what  was  used  before,  the  swing  to  be  shorter,  and  the  moving  power 
much  less.  Mr  Smith  must  have  known  that  the  anchor  pallets 
were  the  contrivance  of  Dr  Hooke,  otherwise  he  would  have  described 
them,  being  the  panegyrist  of  Clement , and,  as  a clock-maker,  very 
capable  of  doing  so,  knowing  well  it  was  on  them  the  whole  improve- 
ment hinged.  The  following  is  an  extract  from  his  little  book : u At 
length,  in  Holland,  an  ingenious  and  learned  gentleman,  Mr  Chris- 
tian Hugens  by  name,  found  out  the  way  to  regulate  the  uncertainty 
of  its  motion,  (that  of  a clock,)  by  the  vibration  of  a pendulum.  From 
Holland,  the  fame  of  the  invention  soon  passed  over  into  England, 
where  several  eminent  and  ingenious  workmen  applied  themselves  to 
rectify  some  defects  which  as  yet  were  found  therein;  among  which 
that  eminent  and  well-known  artist,  Mr  William  Clement , had  at 
last  the  good  fortune  to  give  it  the  finishing  stroke,  he  being  the  real 
contriver  of  that  curious  kind  of  long  pendulum,  which  is  at  this  day 
so  universally  in  use  among  us ; an  invention  that  exceeds  all  others 
yet  known  as  to  the  exactness  and  steadiness  of  its  motion,  which 
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proceeds  from  two  properties  peculiar  to  this  pendulum;  the  one  is 
the  weightiness  of  its  bob,  and  the  other  the  little  compass  in  which 
it  plays : The  first  of  these  makes  it  less  apt  to  be  commanded  by  the 
accidental  differences  of  strength  that  may  sometimes  happen  in  the 
draught  of  the  wheels;  and  the  other  renders  the  vibrations  more 
equal  and  exact,  as  not  being  capable  of  altering  so  much  in  the  dis- 
tance of  the  swing  as  the  other  kind  of  pendulums  are,  which  fetch  a 
larger,  and,  by  consequence,  a less  constant  compass.1’ 

Lepaute  is  also  of  Sully’s  opinion,  and  thought  that  Dr  Hooke 
had  the  best  title  to  the  merit  of  the  invention.  That  he  invented 
the  anchor  pallets  must  now  appear  unquestionable;  and  there  can  be 
little  or  no  doubt  that  he  applied  the  long  pendulum  rod  and  heavy 
ball,  whose  short  arcs  required  but  a small  force  to  keep  them  up. 

Clement , being  an  ingenious  clock -maker,  may  have  been  (of  his 
profession)  the  first  who  made  and  sent  a clock  of  this  description 
abroad  to  the  public : this  was  about  fourteen  years  after  Dr  Hooke 
had  shown  his  to  the  Royal  Society.  It  is  singular  that  neither 
Smith  nor  Derham,  who  were  contemporary  with  Clement,  take  the 
least  notice  of  the  pallets  which  were  at  his  clock;  mentioning  the 
collateral  circumstances  only. 

The  dead  beat  escapement  of  Graham’s  next  succeeded,  which  was 
invented  some  time  before  the  beginning  of  the  eighteenth  century ; 
the  principle  of  it  in  the  horizontal  watch  was  adopted  in  the  pal- 
lets of  a clock  escapement,  which  has  continued  to  be  the  one  gene- 
rally used  in  regulators  or  astronomical  clocks,  with  a very  few  excep- 
tions. 

About  ten  or  fifteen  years  afterwards,  it  came  to  be  known  in 
France,  where  it  was  adopted  as  the  best  for  clocks  intended  to 
measure  time  accurately.  Lepaute , a very  ingenious  watch-maker  in 
Paris,  produced,  about  the  year  1753,  or  some  time  thereabout,  an 
escapement  founded  on  that  of  Graham’s  dead  beat  one.  In  Le- 
paute’s,  the  rest  of  the  teeth  on  the  pallets  was  always  with  the 
same  effect,  because  it  was  on  the  same  circle,  whichsoever  of  the  pal- 
lets it  rested  upon ; and  the  impulse  was  always  the  same  on  which- 
soever pallet  it  was  given,  the  flanches  of  the  pallets  being  planes 
equally  inclined,  or  having  the  same  angle.  This  was,  no  doubt,  some 
improvement  on  Grahams ; but  the  teeth  of  the  swing  wheel  in  Le- 
paute’s  consisted  of  sixty  small  steel  pins,  thirty  being  arranged  on 
each  side  of  the  rim  of  the  wheel ; and  where  pin  teeth  are  used,  oil, 
which  is  in  some  degree  necessary,  cannot  easily  be  kept  on  them,  the 
attraction  of  the  rim  of  the  wheel  constantly  draining  the  oil  from 
these  pin  sort  of  teeth,  an  evil  which  is  perhaps  not  easily  to  be  got 
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tlie  better  of,  unless  by  using  stone  pallets  and  hard  tempered  steel 
pms. 


Description  of  Lepautes  Escapement.  (Plate  V.  No.  27.) 

On  an  arbor  F,  or  what  is  called  the  verge  in  a clock,  are  fixed  two 
pallet  arms,  of  such  a shape  as  represented  in  the  figure;  the  arm 
Gf  A e is  behind  the  swing  wheel,  the  other,  H B d,  is  on  the  oppo- 
site side,  and  the  acting  parts  are  at  such  a distance  from  each  other 
as  just  to  allow  a proper  freedom  for  the  plane  of  the  wheel  to  pass 
between  them;  the  arm  G-  A must  be  filed  away  at  G,  so  as  to  clear 
the  tops  of  the  pin  teeth  on  that  side  of  the  wheel:  one  of  the  arms 
is  riveted  fast  to  the  socket  which  connects  them  with  the  arbor,  the 
other  must  be  allowed  to  turn  about,  (though  with  difficulty,)  so  as 
the  pallet  flanches  can  be  set  or  made  to  any  angle  required.  The 
parts  R I,  L S,  of  the  pallets,  are  arcs  of  a circle,  whose  centre  is  at 
F,  and  in  the  same  plane  with  that  of  the  wheel  teeth,  it  is  on  them 
that  they  rest  during  a part  of  the  times  of  ascending  and  descending 
of  the  pendulum;  the  acting  parts  are  the  inclined  planes  I e,  L d , 
by  means  of  which  the  teeth  of  the  wheel  give  impulse  to  the  pendu- 
lum. The  white  pins  x y,  are  on  this  side  of  the  wheel:  the  pins 
m n , are  on  the  other  side,  placed  alternately  with  each  other : There 
are  three  faint  traces  of  circles  drawn  on  the  rim  of  the  wheel,  for  the 
purpose  of  arranging  the  pin  teeth  properly;  the  acting  part  of  the 
white  teeth  are  on  the  inside  of  the  middle  circle,  that  of  the  darker 
teeth  are  on  the  outside;  by  this  way  the  impulses  are  given  quite 
equal  by  all  the  teeth,  in  so  far  as  regards  their  effect  on  the  pendu- 
lum, and  the  effect  during  the  time  of  rest  may  be  - said  to  be  the 
same;  the  teeth  have  one  half  of  their  diameter  or  thickness  taken 
away,  so  as  to  allow  the  pallets  to  get  clear  more  instantly  at  the  time 
of  dropping  from  them,  than  they  could  otherwise  do,  were  the  pin 
teeth  left  wholly  round. 

The  wheel  turning  from  u towards  x , by  the  force  of  the  going 
weight,  the  teeth  on  this  side  of  the  wheel  meet  the  inclined  plane 
L d , and  pushes  it  towards  B ; by  this  the  pallet  G A e,  which  is  on 
the  opposite  side  of  the  wheel,  advances  under  the  next  coming  on 
tooth  u ; at  this  time  the  point  v having  escaped  from  the  point  <7, 
and  the  pallet  arm  G A continuing  to  go  on  that  side,  by  the  impul- 
sion given  to  it  by  the  pendulum,  while  the  tooth  u is  on  the  concave 
circular  part  B,  which  is  the  arc  of  rest.  The  pallet  arms  being 
brought  back  towards  the  side  A,  by  the  descending  oscillation  of  the 
pendulum,  the  pin  u , which  rubbed  on  the  arc  B I during  the  time  of 
rest,  immediately  meets  the  inclined  plane  I £,  on  which  it  acts  as 
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the  tooth  r>  did  on  the  plane  L cl , but  in  a contrary  direction,  in 
pushing  the  pallet  arms  from  e towards  A,  until  the  following  or  next 
tooth  finds  itself  on  the  constant  arc  L S,  to  re-descend  from  it  upon 
the  inclined  plane  L d , and  so  on.  It  may  be  remarked,  that  60  teeth 
in  the  swing  wheel  are  necessary  in  this  escapement,  whereas,  in  ordi- 
nary escapements,  half  of  this  number  serves  the  same  purpose,  which 
is  obvious,  because  in  the  ordinary  way  each  tooth  gives  impulse  to 
the  pendulum  on  both  sides;  but  in  this  of  Lepaute’s,  80  teeth  give 
impulse  only  to  the  pendulum  on  one  side,  and  30  to  the  other  side. 

Notwithstanding  the  seeming  superiority  and  great  character  which 
the  dead  beat  escapement  had  long  acquired  over  that  of  the  recoiling 
one,  represented  Plate  IV.  No.  25,  this  last,  however,  had  its  partizans, 
and  among  them  were  artists  and  amateurs  possessed  of  first-rate  ta- 
lents: Professor  Ludlam  of  Cambridge,  Berthoud,  Smeaton,  and 
others.  Harrison,  indeed,  always  rejected  the  dead  beat  escapement 
with  a sort  of  indignation.  The  author  of  the  Elements  of  Clock 
and  Watch-making  has  said  a great  deal  in  favour  of  the  dead  beat, 
and  as  much  against  the  recoiling  escapement,  without  having  shown 
in  what  the  difference  consisted,  or  what  was  the  cause  of  the  good 
properties  in  the  one,  or  what  were  the  defects  in  the  other.  It  ap- 
pears doubtful  if  these  causes  were  known  to  him;  indeed,  from  his 
book,  it  may  fairly  be  presumed  that  they  were  not,  at  least  at  the 
time  it  was  written;  yet  he  was  deservedly  allowed  to  be  a man  of 
great  talent  in  every  respect,  and  of  considerable  genius.  When 
pallets  are  intended  to  give  a small  recoil,  their  form,  if  properly 
made,  differs  very  little  from  those  made  for  the  dead  beat,  as  may 
be  seen  by  the  dotted  curve  lines  on  the  dead  beat  pallets  in  No.  26. 
The  circular  parts  of  the  dead  beat  pallets  are  drawn  from  their  centre 
of  motion  v,  those  for  recoiling  pallets  are  drawn  from  points  eccentric 
to  that  of  their  motion. 

We  shall  endeavour  to  point  out  the  properties  and  defects  natu- 
rally inherent  in  each: — When  the  teeth  of  the  swing  wheel,  in  the 
recoiling  escapement,  drop  or  fall  on  either  of  the  pallets,  the  pallets, 
from  their  form,  make  all  the  wheels  have  a retrograde  motion,  oppos- 
ing, at  the  same  time,  the  pendulum  in  its  ascent,  and  the  descent 
from  the  same  cause  being  equally  promoted.  This  recoil  or  retro- 
grade motion  of  the  wheels,  which  is  imposed  on  them  by  the  re- 
action of  the  pendulum,  is  sometimes  nearly  a third,  sometimes  nearly 
a half  or  more,  of  the  step  previously  advanced  by  the  movement. 
This  is  perhaps  the  greatest  or  the  only  defect  that  can  properly  be 
imputed  to  the  recoiling  escapement,  and  is  the  cause  of  the  greater 
wearing  in  the  holes,  pivots,  and  pinions,  than  that  which  takes  place 
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in  a clock  or  watch,  having  the  dead  beat  or  cylindrical  escapement ; 
but  this  defect  may  partly  be  removed  by  making  the  recoil  small, 
or  a little  more  than  merely  a dead  beat.  After  a recoiling  clock 
has  been  brought  to  time,  any  additional  motive  force  that  is  put  to 
it  will  not  greatly  increase  the  arc  of  vibration,  yet  the  clock  will  be 
found  to  go  considerably  faster;  and,  it  is  known,  that  where  the  arc 
of  vibration  is  a very  small  matter  increased,  the  clock  ought  to  go 
slower,  as  would  be  the  case,  in  some  small  degree,  even  with  the  iso- 
lated and  simple  pendulum.  The  form  of  the  recoiling  pallets  tends 
to  accelerate  and  multiply  the  number  of  vibrations  according  to  the 
increase  of  the  motive  force  impressed  upon  them,  and  hence  the 
clock  will  gain  on  the  time  to  which  it  was  before  regulated.  Pro- 
fessor Ludlam,  who  had  four  clocks  in  his  house,  three  of  them 
with  the  dead  beat,  and  the  other  with  a recoil,  said  “ that  none  of 
them  kept  time,  fair  or  foul,  like  the  last:  this  kind  of  escapement 
guages  the  pendulum,  the  dead  beat  leaves  it  at  liberty.”  Were  it  ne- 
cessary, many  incontestable  proofs  could  be  adduced  of  the  excellent 
performance  of  clocks  which  have  the  recoiling  escapement. 

Let  us  now  make  a similar  comparative  trial  with  the  dead  beat 
escapement.  An  additional  motive  force  being  put  to  it,  we  find  that 
the  arc  of  vibration  is  considerably  increased,  and  the  clock  in  conse- 
quence of  this  goes  very  slow.  There  are  two  causes  which  produce 
this : the  one  is,  the  greater  pressure  by  the  swing  wheel  teeth  on 
the  circular  part  of  the  pallets  during  the  time  of  rest;  the  other  is, 
the  increase  of  the  arc  of  vibration.  It  was  observed  in  the  case  of 
recoil,  that  an  additional  motive  force  made  the  clock  go  fast;  and 
the  same  cause  is  found  to  make  the  clock,  having  the  dead  beat,  to 
go  slow.  As  the  causes  are  the  same,  and  yet  produce  effects  diame- 
trically opposite,  does  not  this  evidently  point  out  what  is  necessary 
to  be  done  \ The  pallets  should  be  so  formed,  as  to  have  very  little 
of  a recoil,  and  as  little  of  the  dead  beat ; and  here  any  small  varia- 
tion of  the  motive  force,  or  in  the  arc  of  vibration,  will  produce  no 
sensible  deviation  from  its  settled  rate  of  time-keeping.  Pallets  of 
this  description  were  early  proposed  by  our  ingenious  countryman 
Sully , after  having  seen  the  inutility  of  Huyghen’s  cycloidal  cheeks. 
See  his  Histoire  des  Eschappemens.  We  are  informed  that  a clock 
was  given  by  the  late  Mr  Thomas  Grignion,  to  the  Society  for  the 
Encouragement  of  Arts,  Manufactures,  &c.,  “ which  had  a dead  beat 
escapement,  so  constructed  or  drawn  off,  that  any  diminution  or  ad- 
dition of  motive  force,  would  not  alter  the  time-keeping  of  the  clock.” 
All  the  escapements  of  this  kind  which  have  been  hitherto  made, 
were  commonly  drawn  off  nearly  in  the  same  way  as  Mr  Grignion’s, 
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that  is,  the  distance  between  the  centre  of  the  pallets  and  the  centre 
of  the  swing  wheel,  is  equal  to  one  diameter  of  the  wheel,  taken  on 
the  line  which  joins  these  centres;  and  the  acting  parts  of  the  pallets 
is  a tangent  taken  from  the  centre  of  the  pallets  to  the  wheel,  taking 
in  ten  teeth,  and  escaping  on  the  eleventh;  this  is  nearly  the  same 
as  represented  in  Plate  II.  of  Mr  Cumming’s  book.  The  only  dif- 
ference is,  that  Mr  Grignion’s  circle  of  rest  is  the  same  on  each  pal- 
let; but  whether  it  possesses  the  properties  which  have  been  ascribed 
to  it,  shall  be  left  to  the  determination  of  those  who  may  choose  to 
try  this  experiment  with  it.  The  circle  for  the  time  of  rest  being 
the  same,  then  the  flanches  should  be  made  to  give  the  angles  alike 
on  both  sides:  we  suppose  this  to  have  been  Graham’s  way  of  it. 

Notwithstanding  what  has  been  said  respecting  the  giving  iso- 
chronal curves  to  the  pallets  of  a clock,  it  appears  doubtful  if 
such  a curve  can  possibly  be  given  them,  that  shall  make  the 
long  and  short  vibrations  of  the  pendulum  be  all  performed  in  the 
same  time.  Even  in  the  best  executed  clock,  whose  escapement 
is  equally  so,  having  the  same  motive  force  constant,  the  arc 
of  vibration  will  be  seen  in  a state  of  continual  change;  and  where 
this  arc  is  not  constant,  there  will  be  a small  difference  in  the  time- 
keeping, that  is  to  say,  if  nicely  observed.  With  the  spring  pallet 
escapement,  whose  motive  force  may  be  said  to  be  very  constant  and 
uniform,  yet  the  vibrations  of  the  pendulum  with  it,  will  be  found  to 
have  changes  in  a small  degree.  At  all  events,  if  the  semi-angle  of 
a dead  beat  escapement,  is  equal  to  one  degree,  and  that  of  the  addi- 
tional, or  arc  of  supplement  as  it  may  be  called,  is  half  a degree  more, 
this  should  be  more  than  sufficient  to  make  the  pendulum  to  escape 
even  in  the  worst  state  of  the  oil.  Pallets  having  so  short  a line  of 
curve  as  this,  must  be  of  little  or  no  consideration  in  regard  to  their 
possessing  isochronal  properties. 

Clock-makers  in  general  have  an  idea  that  in  an  escapement,  the 
pallets  ought  to  take  in  seven,  nine,  or  eleven  teeth,  thinking  that 
an  even  number  could  not  answer.  This  opinion  seems  to  have  arisen 
(as  has  been  before  mentioned)  from  the  old  crown  wheel  having  al- 
ways an  odd  number  of  teeth,  because  an  even  number  could  not 
have  been  so  fit  for  it;  there  seems  to  be  no  rules  (as  some  have 
imagined)  necessarily  prescribed  for  drawing  off  either  the  recoiling 
or  the  dead  beat  escapement,  for  any  particular  distance  which  the 
centre  of  the  pallets  ought  to  have  from  that  of  the  swing  wheel. 
The  nearer  that  the  centres  of  the  swing  wheel  and  pallets  are,  the 
less  will  be  the  number  of  teeth  required  to  be  taken  in  by  the  pallets, 
when  a tangent  to  them  is  drawn  to  the  wheel. 
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It  is  very  obvious,  that  when  the  arms  of  the  pallets  are  long,  the 
influence  of  the  motive  force  on  the  pendulum  will  be  great;  and 
vice  versa , that  is,  when  the  pallet  arms  are  short,  the  influence  of 
the  motive  force  will  be  less,  but  the  angle  of  the  escapement  will 
naturally  be  greater  than  may  be  required;  but  this  can  be  easily  re- 
medied by  making  the  flanches  so  as  to  give  any  angle  required. 
In  ordinary  clocks,  when  this  angle  is  not  quite  half  a degree  on  each 
side,  a very  small  motive  force  will  keep  a very  heavy  pendulum  in 
motion.  We  have  known  a very  good  clock-maker,  who  thought 
that  the  flanch  of  a pallet  was  an  arbitrary  or  fixed  point,  which  could 
be  made  only  in  one  way,  and  it  was  some  little  while  before  he  could 
be  convinced  of  the  contrary.  The  flanches  may  be  made  so  long 
as  to  act  something  like  detents,  so  as  to  stop  the  wheel  altogether 
by  the  teeth,  or  they  may  be  made  so  short  as  to  allow  the  wheel 
teeth  to  pass  them  altogether  without  even  giving  impulse  to  them. 
It  is  true  there  would  be  no  escapement  here ; only  it  shows  that  the 
flanches  of  the  pallets  may  be  made  to  give  any  angle  of  escapement, 
from  a few  minutes  of  a degree  to  two  or  three  degrees.  Whatever 
the  angle  of  the  flanches  may  be  taken  at,  all  that  is  requisite  is  to 
make  the  wheel  escape  so,  that  the  tooth,  when  it  drops  on  the  pallet, 
shall  fall  just  beyond  the  corner  of  the  flanch,  and  in  on  the  circular 
part  of  the  dead  beat  pallet ; this  rule  will  equally  serve  where  a mo- 
derate recoil  is  intended.  The  common  recoiling  pallets  may  be  made 
in  various  ways,  according  to  the  fancy  of  the  maker.  At  No.  24, 
the  dead  beat  escapement  is  represented:  the  wheel  has  ten  teeth, 
taken  in  by  the  pallets,  one  of  which  is  seen  to  have  dropped  off  from 
the  driving  pallet,  and  another,  at  this  instant,  to  have  got  in  on  the 
circular  part  of  the  leading  pallet,  where  it  rests  during  the  time  of 
the  vibration,  at  the  end  of  it,  the  tooth  will  have  got  further  in  on 
the  circular  part ; when  returning,  it  gets  on  the  flanched  part  of  the 
pallet,  and  gives  new  impulse  to  the  pendulum,  and  so  on.  By  making 
the  pallets  to  agree  with  the  dotted  curve  lines,  in  place  of  having  a 
dead  beat,  they  will  make  a small  recoil.  The  arms  of  the  pallets 
are  not  quite  so  long  as  in  Graham’s  original  dead  beat  escapement, 
yet  they  might  with  advantage  be  a little  shorter,  in  order  that  the 
influence  of  the  motive  force  on  the  pendulum  may  be  lessened. 
Probably  Graham’s  reason  for  having  such  long  arms  to  his  pallets, 
was  to  show  the  superiority  of  his  escapement  over  that  of  the  recoil- 
ing one,  by  the  very  heavy  pendulums  he  put  to  his  clocks,  and  moved 
by  a very  light  weight ; many  of  his  regulators  went  a month,  and 
even  to  these  he  put  heavy  pendulums. 

In  the  Journal  of  Science,  Literature,  and  the  Arts,  published  by 
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Mr  John  Murray,  London,  in  the  Numbers  XXVIII.  and  XXXI. 
for  January  and  October,  1823,  there  is  an  account  or  description  of 
a very  neat  and  ingenious  mode  of  fitting  up  a dead  beat  escapement 
for  a clock,  given  by  Mr  Vulliamy,  clock-maker  to  the  King. 

Harrison’s  clock  pallets  (which  are  sometimes  made  to  act  by  means 
of  very  delicate  springs,  and  sometimes  by  their  own  gravity)  have  a 
very  considerable  recoil;  they  certainly  were  a most  ingenious  contri- 
vance to  supersede  the  necessity  of  having  oil  put  to  them.  Their  con- 
struction seems  to  be  but  little  known,  and  they  have  very  rarely  been 
adopted  in  practice.  Indeed  it  is  an  escapement  of  such  a nature,  that 
very  few  would  be  competent  to  execute  it  properly.  The  circumstances 
which  led  to  the  invention  of  it,  were  mentioned  by  Mr  Harrison 
himself  to  Professor  Robison.  “ Having  been  sent  for  to  look  at  a 
turret  clock,  which  had  stopt,  he  went  to  it,  though  it  was  at  a consi- 
derable distance  from  his  home,  and  found  that  the  pallets  were  very 
much  in  want  of  oil,  which  he  then  applied  to  them.  On  his  return- 
ing, and  ruminating  by  the  way  on  the  indifferent  sort  of  treatment 
which  he  thought  he  had  met  with,  after  having  come  so  far,  he  set 
himself  to  work  to  contrive  such  an  escapement  as  should  not  give  to 
others  that  trouble  to  which  he  had  been  put,  in  consequence  of  this 
turret  clock.”  Hence  the  origin  of  his  pallets.  A drawing  and  de- 
scription of  them  shall  be  given  in  the  course  of  this  work. 

We  have  been  informed  that  an  escapement  somewhat  of  the  same 
nature  as  this  of  Harrison's,  was  contrived  by  Mudge,  with  this  dif- 
ference of  its  being  a dead  beat  one. 

The  justly  celebrated  Mudge,  in  a small  tract  published  in  June 
1763,  relative  to  the  best  means  of  improving  marine  time-keepers, 
suggested,  as  a great  advantage,  that  of  making  the  moving  power 
bend  up  at  every  vibration  of  the  balance,  a small  spring  whose  re- 
turning force  should  be  exerted  in  maintaining  the  motion  of  the 
balance.  See  Plate  VI.  No.  32.  and  33,  and  this  is  the  same  principle 
which  some  years  afterwards  he  adopted  and  practised  in  those  time- 
keepers which  he  made. 

About  two  or  three  years  after  the  publication  of  this  tract,  Mr 
Cumming  contrived  a clock  escapement  nearly  on  the  same  principle 
as  that  of  Mudge's,  where  the  motion  of  the  pendulum  was  maintained 
by  the  force  of  gravity  from  two  small  balls,  which  acted  upon  it 
during  the  time  of  the  descent.  In  this  escapement  the  centre  of  mo- 
tion of  the  pallets  is  independent  of  that  of  the  pendulum  and  verge, 
although  concentric  with  them;  two  detents  were  applied  for  locking 
the  swing  wheel  teeth,  one  for  each  pallet;  from  each  of  the  pallet 
arbors,  a wire  projected  in  a horizontal  position,  and  on  the  ends  of 
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these  wires  the  balls  were  fixed,  which  were  alternately  raised  up  at 
every  vibration  of  the  pendulum,  by  means  of  the  action  of  the  swing- 
wheel  teeth  on  the  pallets.  In  a periodical  philosophical  journal,  it 
is  insinuated  that  Mudge  had  borrowed  the  idea  of  the  escapement 
which  he  used  in  his  time-keepers,  from  this  of  Cumming’s.  That 
Mudge’s  escapement  was  his  own  invention,  is  evident  from  the  his- 
torical facts  which  have  been  stated:  and  although  there  is  an  appa- 
rent similarity  between  Cumming’s  and  it,  yet  we  are  not  inclined 
to  be  of  opinion  that  either  borrowed  from  the  other.  The  escape- 
ment of  the  clock  made  by  Cumming,  for  his  Majesty  King  George 
the  Third,  in  the  year  I7b’3,  is  of  the  free  or  detached  kind,  a name 
which  was  at  that  time  not  known.  The  improvement  which  he  him- 
self made  upon  it  two  or  three  years  after,  was  to  keep  up  the  motion 
of  the  pendulum,  by  the  gravity  of  two  small  balls,  independent  of  the 
motive  force  through  the  wheels  of  the  movement. 

In  this  escapement,  he  insists  on  the  adjustment  between  the  pen- 
dulum screws  and  crutch  being  made  so  as  precisely  to  unlock  the 
swing  wheel  and  no  more.  This  can  be  only  unlocked  at  the  time, 
when  the  force  of  the  pendulum  in  its  ascent  is  nearly  gone,  and  that 
the  pendulum  should  then  not  only  meet  with  the  arm  of  the  ball, 
but  receive  it  just  before  the  descent  of  the  pendulum  has  com- 
menced. The  swing  wheel  must  at  all  events  be  unlocked,  and  how- 
ever small  the  force  of  the  pendulum  may  be  at  this  time  to  do  that, 
the  vibrations  of  it  cannot  be  so  restricted  as  just  to  do  so;  but  they 
must  do  even  a little  more,  otherwise  the  unlocking  could  not  at  all 
times  be  effectually  done : and  here  a kind  of  recoil,  an  evil  reprobated 
by  Mr  Cumming,  would  in  a small  degree  inevitably  take  place  on  the 
pendulum,  though  not  on  the  wheels. 

In  that  part  of  Mudge’s  escapement,  each  pallet  and  detent  are 
formed  in  one,  and  the  unlocking  takes  place  a considerable  while  be- 
fore the  end  of  the  vibration.  Thus,  the  springs  which  maintain  the 
motion  of  the  balance  are  bent  up,  not  only  by  means  of  the  swing  or 
balance  wheels  raising  up  the  pallets  so  far  at  every  vibration,  till  the 
wheel  teeth  are  locked,  but  the  springs  are  still  a little  more  bent  up 
afterwards,  when  the  teeth  are  unlocked,  and  this  by  the  sole  exertion 
or  momentum  of  the  balance  or  pendulum,  which  is  done  with  great 
force,  soon  after  the  ascending  vibration  begins : By  this  accumulated 
force,  the  descending  vibration  is  greatly  accelerated;  and  this  is  one 
of  the  greatest  properties  of  the  escapement,  particularly  where  a bal- 
ance and  spiral  spring  is  used;  it  may  perhaps  be  more  so  with  the 
pendulum,  provided  that  the  temperature  of  the  atmosphere  be  kept  as 
near  as  may  be  to  the  same  degree. 
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No  escapement  appears  to  be  better  calculated  than  this  is,  to  keep 
the  balance  or  pendulum  constantly  up  to  the  same  arc  of  vibration, 
notwithstanding  its  having  what  some  have  been  pleased  to  call  a de- 
fect in  the  recoiling  one,  that  of  opposing  the  balance  or  pendulum 
in  its  ascent,  and  promoting  its  descent.  In  the  spring  pallet  escape- 
ment, as  in  the  recoiling  one,  the  pendulum  is  opposed  in  its  ascent, 
and  has  its  descent  equally  promoted ; but  there  is  still  a difference 
between  them  notwithstanding  the  similarity. 

In  the  spring  pallet  escapement,  no  retrograde  motion  is  given  to 
the  wheels,  pinions,  and  pivots  which  produce  the  early  wearing  that 
takes  place  by  the  retrograde  motion  which  is  given  to  the  wheels  in 
the  common  recoiling  escapement,  strongly  pointed  out  by  the  recoil 
which  the  seconds  hand  of  the  clock  shows  on  the  dial,  and  it  is  even 
obvious  in  that  of  the  minute  hand.  These  are  circumstances  which 
have  no  place  in  that  of  the  other.  In  such  escapements  as  Mudge’s 
or  Oumming’s,  it  has  been  said  by  some,  and  even  by  Cumming  him- 
self, that  it  matters  not  what  sort  of  work  the  clock  movement  is,  or 
however  ill  it  may  be  executed;  since  the  motion  of  the  pendulum  is 
kept  up  by  a force  which  in  some  degree  is  independent  of  the  motive 
force  produced  through  the  wheels  in  the  movement.  This  may  be 
so  far  true;  yet  there  is  no  escapement  where  any  irregularity  in  the 
pitchings,  pinions,  &c.  of  the  movement  will  be  more  readily  disco- 
vered than  in  this ; during  the  going  of  the  clock,  it  will  be  very  per- 
ceptible to  the  ear,  at  the  time  of  raising  up  the  balls,  or  of  bending 
up  the  springs.  We  would  therefore  by  no  means  advise  that  this  sort 
of  escapement  should  be  put  to  a movement  of  indifferent  execution : 
on  the  contrary,  it  seems  to  require  one  finished  in  the  best  possible 
manner. 

The  motive  force  put  to  it  requires  to  be  greater  than  that  which 
is  usually  put  to  clocks  having  either  the  dead  beat  or  the  recoiling 
escapement.  It  may  be  asked,  whether  weights  or  springs  are  the 
best  for  these  sort  of  escapements  ? This  is  perhaps  a question  not  easy 
to  be  resolved.  W e confess  that  springs  appear  to  be  preferable ; 
they  seem  to  have  an  alertness  or  quickness  of  action,  when 
compared  to  the  apparent  heavy  dull  motion  of  gravity  in  the  balls. 
The  pivots  which  are  at  the  centre  of  motion  of  the  pallets  and  balls 
would  be  regarded  by  many  as  objectionable,  from  the  belief  that  oil 
is  necessarv  to  them.  Oil  does  not  seem  to  us  in  the  least  degree 
requisite,  considering  the  very  small  angle  of  motion  which  they  would 
have;  and  we  have  always  thought,  for  the  same  reason,  that  oil  was 
not  necessary  to  the  pivots  of  such  detents  as  were  sometimes  used  in 
the  detached  escapement.  To  show,  that  so  far  from  the  nature  of  a 


KINFAUNS  CASTLE  OBSERVATORY  CLOCK. 


195 


escapement  actuated  by  springs  or  by  the  gravity  of  balls,  “ allowing 
the  movement  to  have  imperfection  in  its  pitchings  or  any  other  parts,” 
as  has  been  said  by  the  author  of  the  Elements  of  Clock  and  Watch- 
making, we,  from  experience,  found  it  to  be  very  much  the  reverse: 
In  clocks  where  every  degree  of  care  was  taken  throughout , both  in 
the  sizing  of  the  pinions  and  their  pitchings,  so  much  so,  that  the 
most  experienced  and  critical  workman  could  not  have  discovered  any 
thing  that  would  have  led  him  to  say  they  were  in  the  least  faulty : 
yet  when  set  agoing,  a circumstance  which  was  very  sensibly  per- 
ceived by  the  ear , they  showed  that  the  pallets  were  not  always  raised 
up  with  the  same  force  or  velocity,  having  sometimes  the  appearance 
even  of  not  getting  fully  up.  If  personification  might  have  been  al- 
lowed to  the  clock,  in  this  case  it  would  have  said,  “ you  are  not  a 
judge  of  pitchings,  let  me  have  a trial  of  them,  and  then  I will  show 
you  whether  they  are  faulty  or  not.”  There  certainly  could  have 
been  no  tool  or  experiment  better  calculated  or  contrived  to  show  what 
the  pitchings  were,  than  was  done  by  this  kind  of  escapement ; and,  by 
our  experience  with  it,  it  seemed  evident  that  the  rules  in  general  hi- 
therto given  for  the  size  of  pinions,  will  make  them  rather  too  large 
in  diameter. 

Such  clocks  as  have  recoiling  or  dead  beat  escapements,  would  con- 
tinue to  go  on  imperceptibly  with  pinions  sized  in  the  ordinary  way, 
without  leading  to  any  discovery  of  this  nature,  unless  the  pitchings 
were  faulty  in  the  extreme,  and  the  pinions  very  far  out  of  size.  Mr 
Cumming  must  surely  have  applied  an  overpowering  force,  for  the 
going  weight  of  his  clock,  otherwise  he  would  not  have  given  those 
statements  which  he  has  in  his  Elements , &c.  But  the  wide  vibra- 
tions which  he  made  the  pendulums  of  his  clocks  to  give,  necessarily 
required  a great  force  to  keep  them  up,  and  this  might  prevent  the 
ear  from  observing  what  we  have  here  remarked. 

We  shall  now  proceed  to  give  a description  of  a clock  escapement 
on  the  same  principle  as  that  of  Mudge's  in  his  marine  time-keepers, 
which  was  put  to  a very  excellent  regulator  or  astronomical  clock,  made 
by  us  some  years  ago  for  the  Right  Honourable  Lord  Gray,  and 
placed  in  his  Lordship's  observatory  at  Kinfauns  Castle.  It  had  a 
mercurial  compensation  pendulum,  and  its  time  of  going  without  icind- 
ing  was  forty-five  days.  The  pivots  of  the  great  wheel,  the  second 
wheel,  and  the  swing  wheel,  are  run  on  rollers,  three  being  put  to  each 
pivot ; the  pivots  of  the  centre  and  of  the  fourth  wheels  run  in  holes, 
and  are  the  only  pivots  in  the  clock  to  which  oil  is  applied. 

Friction  rollers  were  first  applied  by  Sully  to  the  balance  pivot  of  his 
marine  time-keeper,  and  have  since  been  adopted  for  the  same  pur- 
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pose  in  time-keepers,  by  Berthoud,  by  Mudge,  and  others.  They 
have  sometimes  been  used  for  clock  pivots,  but  in  such  an  injudicious 
manner,  that  in  place  of  relieving  the  friction  of  the  pivots,  they 
have  at  last  jambed  them  to  such  a degree,  that  the  pivots  could  not 
at  all  turn  or  revolve  upon  them. 

The  pivots  of  the  said  centre  and  fourth  wheels  would  have  been 
run  on  rollers  also,  but  not  choosing  to  go  farther,  for  even  with  those 
which  were  made  to  run  so,  the  trial  was  new;  besides,  had  these 
two  been  done  so,  it  would  have  required  such  a number  of  additional 
pieces,  as  in  the  end  would  have  been  truly  appalling  and  depress- 
ing; even  as  it  is,  there  is  about  500  individual  pieces  in  the  clock: 
The  expense  incurred  would  have  been  greatly  augmented;  yet  this, 
however,  would  have  been  no  bar  with  Lord  Gray’s  liberality,  had  it 
so  happened.  The  clock  has  been  going  about  nine  years,  and  with 
a close  and  steady  rate  of  time-keeping,  during  which  it  has  not  re- 
quired the  smallest  help,  not  even  that  of  cleaning. 

The  clock  made  by  us  for  the  Edinburgh  Astronomical  Institu- 
tion, or  Royal  Observatory , has  the  same  kind  of  escapement  and  pen- 
dulum, goes  eight  days,  but  has  no  friction  rollers  in  any  part  of  it. 
It  has  been  going  upwards  of  ten  years  without  requiring  any  help,  or 
even  cleaning. 

In  Plate  VI.  No.  35.  S W is  the  escapement  or  swing  wheel, 
whose  teeth  are  cut  not  unlike  those  of  the  wheel  for  a dead  beat, 
but  not  so  deep ; P P are  the  pallets,  the  upper  ends  of  whose  arms  at 
s s,  are  made  very  thin,  so  as  to  form  sort  of  springs,  which  must  be  made 
very  delicate,  for  if  they  are  any  way  stiff,  the  force  of  the  swing  wheel 
will  not  be  able  to  bend  them  when  raising  up  the  pallets.  In  order 
that  those  springs  may  have  a sufficiency  of  strength,  and  at  the  same 
time  be  as  delicate  as  possible,  they  are  cut  open  at  the  bending 
parts,  as  may  be  seen  at  No.  36.  These  springs  come  from  a kneed 
sort  of  sole,  formed  from  the  same  piece  of  steel;  by  which  sole  they 
are  screwed  on  to  cocks,  which  are  attached  to  the  back  or  pillar 
plate  of  the  clock  frame.  The  pallet  arms  must  be  made  very  light 
and  stiff,  in  order  that  their  weight  may  have  the  least  possible  load 
or  burden  on  the  springs ; a a are  the  arms  of  the  pallets,  as  repre- 
sented in  the  front  view,  No.  35.  and  are  fully  as  broad  as  is  neces- 
sary; their  thickness  may  be  made  much  less  than  this.  An  edge 
view  of  the  pallet  arms  is  seen  at  a No.  36.  The  acting  parts  of  the 
pallets  at  P P,  No.  35.  should  be  made  of  such  a thickness  as  to  al- 
low an  opening  or  room  to  be  made  in  them  for  the  insertion  of  a 
piece  of  ruby,  sapphire,  agate,  or  any  fine  and  hard  sort  of  stone ; the 
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thickness  of  the  stone  being  somewhat  more  than  that  of  the  escape- 
ment or  swing  wheel  teeth,  say  twice  or  thrice  as  much  so:  Each  of 
these  stone  pallets  has  a sort  of  nib,  or  detent , (for  the  stopping  of 
the  wheel  teeth,)  which  is  left  at  the  end  of  the  pallet  flanches,  as 
may  easily  be  seen  at  the  left  hand  pallet,  No.  35.  These  nibs  are 
made  for  the  locking  of  the  swing  wheel  teeth,  and  their  use  will  be 
more  particularly  explained  afterwards.  On  the  back  of  the  pallets 
are  screwed  to  each,  kneed  light  brass  pieces,  c c , as  seen  at  No.  35. 
On  the  lower  end  of  these  kneed  pieces,  the  screws,  d d , are  put 
through,  serving  the  double  purposes  of  adjusting  the  escapement,  and 
setting  the  pendulum  on  beat.  The  upper  part  of  the  pendulum  rod 
is  composed  of  a kind  of  frame,  whose  steel  plates,  A A A A,  No. 
35.  are  represented  as  being  contained  within  the  dotted  circular 
figure;  the  thickness  of  these  ring  sort  of  plates  is  seen  at  A A A A, 
No.  36.  This  frame  has  three  pillars  to  keep  the  plates  properly  to- 
gether; and  though  they  are  not  represented  in  the  drawing,  yet  any 
one  may  readily  conceive  where  their  places  ought  to  be,  and  what 
should  be  their  length  or  height.  At  e e , No.  36.  is  seen  on  each 
side  the  ends  of  a thin  steel  plate,  or  traverse  bar,  which  goes  from 
plate  to  plate,  and  is  fixed  in  the  frame.  An  oblique  view  of  one  of 
them  is  seen  at  e 0,  No.  36.  In  the  steel  frame  plates,  there  is  a 
circular  opening,  as  represented  by  the  dotted  inner  circle,  No.  35. 
This  opening  must  be  of  such  a diameter  or  width  as  to  allow  the 
swing  wheel,  and  the  cock  which  supports  it,  to  come  freely  through; 
a part  of  the  cock  is  seen  at  f f No.  36.,  the  sole  of  which,  F,  is 
screwed  to  the  back  of  the  pillar  plate  of  the  clock;  the  knee,  K, 
turns  up,  or  is  set  to  receive  the  pivot  of  the  arbor  of  the  swing 
wheel;  the  pivot  at  the  other  end  of  the  arbor  being  supposed  to  run 
in  the  fore  plate,  or  in  a cock  attached  to  it,  and  is  the  pivot  which 
carries  the  seconds  hand.  This  description  of  the  manner  by  which 
the  swing  wheel  is  supported  within  the  pendulum,  it  is  to  be  hoped, 
will  be  sufficiently  understood,  notwithstanding  the  want  of  a proper 
drawing  of  that  part. 

The  swing  wheel  S W,  and  part  of  its  pinion  arbor  y,  are  seen 
edgewise  at  No.  36.;  also  the  arm  a of  one  of  the  pallets  P,  and  its 
screw  d , bearing  on  the  steel  bar  e e.  At  the  point  of  contact,  be- 
tween the  end  of  the  screw  J,  and  the  bar  g,  a small  piece  of  fine 
stone  may  be  inserted  into  each  bar.  This  will  prevent  any  wearing 
or  magnetic  attraction  which  might  otherwise  take  place  if  the 
screws  were  left  solely  to  act  on  the  steel  bars ; as  the  smallest  wear- 
ing here  would  in  some  degree  alter  the  effects  of  the  escapement.  In 
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No.  85.  B represents  a part  of  the  bar  of  the  pendulum  rod,  which 
is  fixed  into  the  lower  part  of  the  steel  frame;  an  edge  view  of  this 
bar  is  seen  at  B,  No.  86.  At  the  upper  part  of  the  steel  frame  is 
inserted  a piece,  c c,  No.  85.  and  36.,  in  this  piece  the  pendulum 
spring  is  fixed,  whose  top  piece  goes  into  a strong  brass  cock,  which 
is  firmly  attached  either  to  the  back  of  the  clock-case,  to  a wall,  or 
to  a large  stone  pier;  the  end  of  the  projecting  part  of  this  cock  is 
seen  at  D D,  No.  85.  and  a side  view  of  it  at  D D,  No.  86.  The 
top  piece  of  the  pendulum  spring  has  a long  and  strong  steel  pin 
through  it,  which  lies  in  a notch  made  across  on  the  upper  side  and 
projecting  part  of  the  pendulum  suspension  cock:  by  this  pin  the 
pendulum  is  suspended.  In  the  side  of  the  pendulum  spring  top 
piece  is  a large  hole,  made  so  as  to  admit  freely  a strong  screw,  the 
head  of  which  is  seen  at  E,  No.  36.  This  screw  serves  to  pinch 
the  top  piece  and  cock  firmly  together,  after  the  pendulum  has  been 
made  to  take  a true  vertical  position.  This  strong  pin  and  screw  are 
not  represented  in  the  drawing,  but  the  description  which  has  been 
given,  will,  it  is  presumed,  easily  supply  this  want.  In  the  pen- 
dulum spring,  h h , No.  36.  may  be  seen  an  opening,  so  as  to 
have  the  appearance  of  a double  spring.  This  opening  is  made 

to  allow  the  spring  parts  of  the  pallets  S S,  to  be  brought 
very  near  together,  and  this  at  the  bending  part  of  the  pendu- 
lum spring,  so  that  it  and  the  bending  parts  of  the  pallet  springs 
should  be  in  one  common  centre.  A part  only  of  the  cocks  on  which 
the  spring  pallets  are  screwed  is  represented  by  k h.  No.  35. ; m m 
are  the  heads  of  the  screws  by  which  they  are  fixed  to  these 
cocks.  It  must  be  observed  here,  that  the  spring  pallets  are  so 
placed,  that  they  should  act  on  the  line  of  suspension  and  gravita- 
tion of  the  pendulum,  which  necessarily  brings  the  swing  wheel  to  the 
place  where  it  is;  no  verge,  crutch,  or  fork  are  required;  the  influ- 
ence of  the  oil  on  the  verge  pivots,  and  the  friction  by  the  crutch  or 
fork  on  the  pendulum  rod,  are  done  away  by  this  arrangement.  The 
motion  of  the  pendulum  is  kept  up  entirely  by  the  force  of  the  spring 
part  of  the  pallets,  independent  of  any  impediment  in  the  wheel 
work,  so  long  as  the  wheels  have  force  sufficient  to  raise  up  the  pal- 
lets readily.  This  force  may  be  considered  as  permanent  and  invari- 
able, and  so  should  be  the  arc  described  by  the  pendulum.  If  the 
length  of  the  pendulum  and  of  the  arc  it  describes  are  invariable,  so 
should  be  the  time  which  is  kept  by  the  clock.  Having  described  the 
parts  which  compose  this  escapement,  it  will  now  be  requisite  to  show 
their  mode  of  action,  which  is  extremely  simple. 
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When  the  pendulum  is  set  in  motion,  it  will,  by  means  of  either 
the  one  or  the  other  of  the  screws  e?,  unlock  the  swing  wheel,  which, 
in  the  drawing,  is  represented  as  being  locked  by  one  of  its  teeth  on 
the  nib  or  detent  part  of  the  right  hand  pallet,  and  the  moment  when 
the  wheel  is  unlocked,  the  tooth  at  the  left  hand  pallet  is  ready  to 
press  forward  and  raise  up  that  pallet, — and,  of  course,  it  bends  up 
the  spring.  Let  the  pendulum  be  now  brought  to  the  right  hand 
side,  the  steel  bar  e will  meet  with  the  screw  d , and,  carrying  or 
pushing  it  on,  will  by  this  means  unlock  the  swing  wheel,  and  allow 
it  to  escape.  At  this  instant,  the  wdieel  tooth  meeting  with  the  pal- 
let at  the  left  hand  side,  will  force  its  way  on  the  flanch,  and  raise  it 
up  till  it  is  stopped  by  the  detent  or  pallet  nib.  Here  the  wheel  is 
locked  until  the  return  of  the  pendulum  to  that  side,  when  it  will 
again  be  unlocked.  From  the  time  of  the  unlocking  at  the  right 
hand  pallet,  till  the  same  takes  place  at  the  left  hand,  the  pendulum, 
during  its  excursion  to  the  right,  is  opposed  by  the  spring  part  of 
the  pallet;  and,  on  its  return,  it  is  assisted  by  the  same  part,  until 
the  pendulum  comes  in  contact  with  the  point  of  the  screw  d on  the 
left  hand.  Here  it  is  again  opposed  in  its  excursion  as  far  as  the 
arc  it  describes;  and  on  its  descent  or  return,  it  is  assisted  or  im- 
pelled by  the  spring  part  of  the  pallet,  in  conjunction  with  the 
force  of  gravity.  In  this  clock,  all  that  the  motive  force  through 
the  wheels  has  to  do,  is  to  raise  up  the  pallets,  by  bending  up  the 
springs,  and  these,  (as  has  been  already  stated,)  along  with  the  force 
of  gravity,  maintain  the  motion  of  the  pendulum. 

When  clocks  of  the  common  construction  get  foul  in  the  oil, 
or  dirty,  the  arc  of  vibration  falls  off,  or  is  less  than  what  it  was 
when  the  clock  was  clean  and  free.  In  this  escapement,  however, 
when  the  clock  gets  foul,  the  force  of  the  swing  wheel  teeth  on  the 
detent  parts  of  the  pallets  will  be  lessened,  consequently  the  wheel 
will  be  more  easily  unlocked  by  the  pendulum.  Hence  we  may  ex- 
pect a small  increase  in  the  arc  of  vibration ; but  whether  this  will 
affect  the  time-keeping  by  making  it  slow,  must  be  left  to  the  expe- 
rience of  those  who  may  think  of  prosecuting  such  trials.  It  appears 
to  us,  that  if  any  lengthening  of  the  arc  of  vibration  takes  place,  it 
will  be  equally  accelerated  on  its  return  by  the  greater  tension  of  the 
spring  part  of  the  pallets.  A clock,  with  this  kind  of  escapement, 
which  went  thirty-six  days  without  requiring  to  be  wound  up,  the 
going  weight  twenty  pounds,  and  semi-arc  of  vibration  one  degree 
twelve  minutes;  on  an  addition  of  four  pounds  being  put  to  the  going 
weight,  it  brought  the  semi-arc  of  vibration  to  two  minutes  less  than 
one  degree,  confirming  so  far  the  hypothesis  which  has  been  advanced. 
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Another  clock,  having  the  same  kind  of  escapement,  has  since  been 
made  by  us,  where  the  adjustments  for  escapement  and  beat  are 
transferred  from  the  pallets  to  the  pendulum  itself.  By  this  means 
these  adjustments  are  not  only  easier  made,  but  are  effected  without 
that  danger  to  which  the  pallets  are  exposed  when  this  is  done  by 
the  screws.  This  mode  is  adopted  in  the  pendulum  at  the  clock 
made  for  the  Edinburgh  Astronomical  Institution  or  Royal  Observa- 
tory (formerly  noticed),  which  was  put  up  in  the  year  1813. 

The  spring  pallet  escapement,  which  has  been  described,  having 
neither  verge  nor  crutch,  and  these  being  necessary  where  the  upper 
part  of  the  pendulum  is  a simple  bar  or  rod,  it  shall  now  be  shown  how 
to  construct  an  escapement  of  this  kind  with  a verge  and  crutch. 

On  the  verge  is  screwed  a thin  piece  of  steel,  of  an  anchor  form, 
which  has  a kind  of  crank  in  the  middle,  in  order  to  give  free- 
dom to  the  acting  parts,  or  centre  of  motion  of  the  pallet  springs; 
to  coincide  with  that  of  its  arbor,  against  one  of  the  kneed  ends 
of  the  crank  the  anchor  is  screwed.  The  place  of  the  swing 
wheel  is  with  the  frame  in  the  usual  way;  the  anchor  lies  pretty 
close  behind  it  on  that  side  next  the  pillar  frame  plate.  On  the 
ends  of  the  circular  arch  part  of  the  anchor,  are  screwed  kneed 
pieces  of  steel  which  come  outside;  and  at  a little  distance  from  the 
tops  of  the  swing  wheel  teeth,  in  each  of  the  kneed  pieces,  is  insert- 
ed a flat  piece  of  diamond,  ruby,  or  any  hard  stone.  These  pieces 
are  made  or  placed  so  as  to  be  in  a line  drawn  from  the  centre  of  the 
verge;  and  it  is  on  these  stones,  which  are  in  the  plane  of  the  swing 
wheel,  that  the  point  of  the  screws  which  are  in  the  pallet  tails  act  and 
give  impulse  to  the  pendulum,  communicated  to  it  by  means  of  the 
crutch,  whose  socket  is  twisted  firm  on  that  end  of  the  arbor  of  the 
verge  whereon  the  anchor  piece  goes.  Two  kneed  brass  cocks  are 
screwed  on  the  inside  of  the  pillar  plate,  the  distance  between  them 
may  be  a quarter  of  an  inch,  or  so;  it  is  on  their  upper  surface 
that  the  soles  or  palms  of  spring  pallets  are  screwed.  The  arms  of 
the  pallets  should  be  as  light  as  possible,  and  the  pallets,  the  tails, 
soles,  and  springs,  may  all  be  made  out  of  one  piece  of  steel. 
The  extremity  of  the  pallet  springs  coincides  with  the  upper  surface 
of  the  soles,  and  also  with  the  centre  of  motion  of  the  verge  and 
anchor. 

From  the  nature  of  the  spring  pallet  escapement,  there  is  a wonder- 
ful and  beautiful  variety  in  it ; the  distance  between  the  points  of 
the  screws  in  the  pallet  tails  is  limited  by  the  stones  of  the  kneed 
pieces  screwed  on  the  ends  of  the  anchor  arch.  If  this  distance  is 
less  than  what  it  should  be,  it  will  give  too  much  scope  for  the  dis- 
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charged  pallet,  when  impelling  the  anchor,  to  fall  more  in  between 
the  teeth  than  it  should  do,  and  by  this  means  give  a small  retro- 
grade motion  to  the  tooth  which  is  to  raise  it  up,  just  at  the  instant 
when  the  opposite  pallet  is  discharged;  and  this,  unless  the  motive 
force  is  sufficiently  powerful,  will  be  apt  to  prevent  the  pallet  from  being 
altogether  quite  raised  up,  and  consequently  stop  the  clock.  If  the  dis- 
tance between  the  screw  points  is  greater  than  it  should  be,  then  the 
pallet  which  is  to  be  raised  up  will  not  fall  so  much  in  between  the 
teeth  as  it  ought  to  do ; hence  the  acting  tooth  will  pass  over  a part 
of  the  inclined  plane,  or  flanch  of  the  pallet,  without  any  action  be- 
ing exerted  on  it,  by  which  a diminution  of  the  motive  force  takes 
place.  The  great  nicety  in  the  distance  of  the  screw  points  is  to 
have  it  so,  as,  on  the  discharge  of  one  pallet,  the  other  shall  come 
close  in  on  the  tooth  which  is  to  receive  it,  but  only  just  so  as  not  to 
touch  it.  The  taking  out  or  in  of  the  screws  by  a very  small  part 
of  a turn  will  have  a great  effect  in  putting  the  clock  on  beat ; yet  it 
seems  more  advisable  to  do  this  first  by  the  bending  of  the  crutch,  the 
escapement  being  supposed  previously  and  properly  adjusted  in  all 
its  parts.  In  this  operation,  the  discharge  of  the  pallets  should  be 
made  to  take  place,  at  equal  distances,  on  each  side  of  the  point  of 
rest;  for  example,  suppose  the  discharge  is  made  on  the  left  hand, 
when  the  pendulum  index  is  at  forty  minutes,  and  on  the  right  hand 
at  thirty  minutes,  bending  the  crutch  the  smallest  matter  to  the  right, 
will  make  the  discharges  each  at  thirty-five  minutes;  and  here  the 
clock  will  be  exactly  in  beat. 

The  following  is  a scheme  and  description  of  another  escapement, 
contrived  by  the  Author,  and  executed  about  two  and  twenty  years 
ago.  In  Plate  VI.  No.  34.  S W is  the  swing  wheel,  whose  diameter 
may  be  so  large  as  to  be  sufficiently  free  of  the  arbor  of  the  wheel 
which  runs  into  its  pinion;  this,  in  eight-day  clocks,  is  the  third 
wheel.  The  teeth  of  this  swing  wheel  are  cut  thus  deep,  in  order 
that  the  wheel  may  be  as  light  as  possible;  and  the  strength  of  the 
teeth  little  more  than  what  is  necessary  to  resist  the  action  or  force  of 
a common  clock  weight  through  the  wheels.  They  are  what  may  be 
called  the  locking  teeth,  as  will  be  more  readily  seen  from  the  use  of 
them,  afterwards  to  be  explained.  Those  called  the  impulse  teeth, 
consist  of  very  small  tempered  steel  pins,  inserted  on  the  surface  of 
the  rim  of  the  wheel  on  one  side  only.  They  are  nearly  two-tenths 
of  an  inch  in  height,  and,  the  smaller  they  are,  so  much  more  room 
will  be  given  to  the  thickness  of  the  pallets.  If  they  have  strength 
to  support  about  eighty  or  a hundred  grains,  they  will  be  strong 
enough.  There  is  no  rule  required  for  placing  them  relatively  to 
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the  locking  teeth,  only  they  may  as  well  be  opposite  these  teeth  as 
any  where  else.  P P are  the  pallets  whose  centre  of  motion  is  the 
same  with  that  of  the  verge  at  a.  These  pallets  are  formed  so  as  to 
have  the  arms  sufficiently  strong,  and  at  the  same  time  as  light  as 
may  be.  That  part  where  the  arms  meet  at  the  angle  at  a,  has  a 
steel  socket  made  out  of  the  same  piece  as  the  arms,  being  forged 
together  in  this  manner.  The  socket  is  made  to  fit  well  on  the  verge 
on  which  it  is  only  twisted  fast,  and  is  turned  pretty  thin  on  the  out- 
side, in  order  to  allow  the  arbors  of  the  detents  to  be  laid  as  close  to 
the  verge  as  may  be,  so  that  their  centres  of  motion  may  coincide  as 
nearly  as  possible.  A perfect  coincidence  of  the  centres  might  be 
obtained,  by  using  a hollow  cylinder  for  the  verge,  with  the  detent 
arbors  running  in  the  middle  of  it;  but  this  would  have  occasioned 
more  trouble.  Yet  this  non- coincidence  of  centres  has  its  advantage 
here,  by  the  wheel  teeth,  while  resting  on  the  detent  nibs,  being 
prevented  from  having  any  opposing  force  to  the  motion  of  the 
pendulum,  which  they  would  have,  were  the  detents  placed  other- 
wise, unless  the  method  was  taken  which  we  propose  in  another  escape- 
ment. That  part  of  the  pallet  frame,  in  which  is  set  the  stone  for 
receiving  the  action  or  impulse  of  the  small  pin  teeth,  is  formed  into 

a rectangular  shape,  so  as  to  allow  room  for  a dovetail  groove,  into 

which  the  stone  pallets  are  fixed,  as  may  be  seen  at  P P,  No.  34. 
and  at  P 2.  which  also  gives  a side  view  of  the  verge  at 
and  where  the  socket  of  the  pallets  is  seen  as  fixed  on  the  verge. 
At  b 2.  is  seen  the  outer  end  of  one  of  the  stone  pallets  made 
flush  with  the  steel.  That  part  of  the  stone  pallets  upon  which 
the  pin  teeth  act,  may  be  seen  where  they  are  represented  in 
their  respective  positions  relative  to  the  pin  teeth.  Their  shape 
or  form  is  exactly  that  which  gives  the  dead  beat.  In  the  figure  are 
seen  the  detents  d d , whose  centre  of  motion  is  at  c c;  they  are  fixed 
on  their  arbors  by  a thin  steel  socket,  made  as  forged  with  the  de- 
tents, much  in  the  same  way  as  the  pallets  were,  as  may  be  seen  at 
c 1.  which  gives  a side  view  of  one  of  the  detents  and  its  ar- 
bor. The  screws  e e,ff  in  the  arms  of  the  detents,  have  places 

made  to  receive  them,  which  are  more  readily  seen  in  No.  34.  than 
in  1.  and  2.  The  screws  e e , serve  for  the  purpose  of  adjusting  that 
part  of  the  escapement  connected  with  the  pallets,  pushing  the  de- 
tents out  from  locking  the  wheel  by  means  of  the  locking  teeth.  The 
ends  of  the  screws  e e , on  the  unlocking,  are  met  by  the  ends  of 
the  stone  pallets,  one  of  which  is  represented  at  b 2.  The 
screws  ff  serve  to  adjust  the  locking  of  the  wheel  teeth  on  the  de- 
tents. g g are  brass  rectangular  pieces  or  studs,  whicli  are  fixed  to 
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the  inside  of  the  pillar  frame  plate,  ancl  may  be  near  an  inch  in  height. 
The  ends  of  the  screws  ff  rest  on  the  side  of  these  studs,  and  accord- 
ing as  they  are  more  or  less  screwed  through  at  the  ends  of  the  de- 
tents, so  much  less  or  more  hold  will  the  detent  pieces  have  of  the 
teeth.  These  holding  pieces  of  the  detents  are  not  represented  in 
the  drawing,  as  they  would  have  made  other  parts  of  it  rather  obscure. 
They  are  made  of  stone,  and  are  fitted  in  by  means  of  a dovetail,  cut 
in  a piece  left  for  that  purpose  on  the  inside  of  the  detent  arms,  as 
may  easily  be  conceived  from  the  drawing,  where  it  is  represented  in 
part  at  e 2.  and  is  in  the  line  across  the  arm  with  the  screw  £, 
which  is  close  by  the  edge  of  the  detent  stone-piece  that  projects  a 
little  beyond  the  end  of  the  screw. 

Having  described  the  parts  of  the  escapement,  we  shall  now  explain 
their  mode  of  action.  On  the  left  hand  side  the  pin  tooth  is  repre- 
sented as  having  just  escaped  its  pallet,  as  may  be  seen;  but  pre- 
vious to  its  having  got  on  to  the  flanch  of  this  pallet,  let  us  conceive 
that  the  back  or  end  part  b of  the  pallet  had  come  in  consequence  of 
the  motion  of  the  pendulum  to  that  side,  and  opposing  the  screw  0, 
which  is  in  the  detent  arm,  pushes  or  carries  it  on  with  it,  and  conse- 
quently unlocks  the  wheel,  which  then  endeavours  to  get  forward ; 
but  the  pin  tooth,  at  this  instant  of  unlocking,  meeting  with  the 
flanch  of  the  pallet  at  the  lower  edge  inside,  and  pushing  forwards 
on  the  flanch,  by  this  means  impels  the  pendulum,  and  after  having 
escaped  the  pallet,  the  next  locking  tooth  is  received  by  the  detent 
on  the  right  hand  side,  where  the  wheel  is  now  again  locked.  In 
the  meantime,  while  the  pendulum  is  describing  that  part  of  its  vi- 
bration towards  the  left  hand,  free  and  detached,  as  the  pallets  are 
now  at  liberty  to  move  freely  and  independently  of  the  small  pin 
teeth;  on  the  return  of  the  pendulum  to  the  right  hand  side,  the  de- 
tent, by  means  of  the  back  of  the  pallet  on  that  side,  is  pushed  out 
from  locking  the  wheel,  and  at  the  instant  of  unlocking,  the  wheel 
gets  forward,  and  the  pin  tooth  is  at  the  same  instant  ready  to  get  on 
the  flanch  of  its  pallet,  and  give  new  impulse  to  the  pendulum, 
as  is  obvious  by  what  is  represented  in  the  drawing.  After 
the  pin  tooth  has  escaped  the  pallet,  the  wheel  is  again  locked  on 
the  opposite  or  left  hand  side;  the  pendulum  moves  on  to  the 
right  freely  and  independently  till  the  next  locking  on  the  left  takes 
place,  and  so  on. 

It  may  be  observed,  that  the  unlocking  takes  place  when  the 
pendulum  is  near  the  lowest  point,  or  point  of  rest,  and  of  course, 
where  its  force  is  nearly  a maximum.  Without  attaching  any  thing 
to  the  merits  of  the  escapement,  we  may  remark,  that  the  rate  of 
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the  clock  was  observed  from  time  to  time  by  an  excellent  transit 
instrument,  and  during  a period  of  eighty-three  days  it  kept  within 
the  second,  without  any  interim  apparent  deviation.  This  degree  of 
time  keeping  seemed  to  be  as  much  a matter  of  accident  as  otherwise, 
and  cannot  reasonably  be  expected  from  this,  or  any  clock  whatever, 
as  a fixed  or  settled  rate. 

This  escapement  being  a detached  or  free  one,  can  at  pleasure 
be  converted  either  into  a recoiling  or  a dead  beat  one,  without 
so  much  as  once  disturbing  or  stopping  the  pendulum  a single  vi- 
bration. To  make  a dead  beat  of  it,  put  in  a peg  of  wood,  or  a 
small  wire  into  each  of  the  detents,  so  as  to  raise  them  free  of  the 
pallets,  and  the  peg  of  wood  keeping  the  detents  in  the  required 
position,  the  pin  teeth  will  now  fall  on  the  circular  parts  of  the 
pallets,  and  so  on  to  the  flanch,  and  the  escapement  is  then  to  all 
intents  and  purposes  a dead  beat  one.  To  make  a recoiling  one 
of  it,  let  there  be  fixed  to  each  arbor  of  the  detents,  a wire  to 
project  horizontally  from  them,  about  3|-  or  4 inches  long,  the  outer 
ends  of  the  wires  must  be  tapped  about  half  an  inch  in  length,  pro- 
vide two  small  brass  balls,  half  an  ounce  weight  each,  having  a hole 
through  them,  and  tapped  so  as  to  screw  on  to  the  wires,  the  balls 
can  thus  be  put  more  or  less  home,  and  be  adjusted  proportionably 
to  the  force  of  the  clock  on  the  pendulum.  No  recoil  will  be  seen  by 
the  seconds  hand,  yet  these  balls  will  alternately  oppose  and  assist 
the  motion  of  the  pendulum  as  much  as  any  recoiling  pallets  can 
possibly  do,  and  as  their  effect  on  the  pendulum  will  be  exactly  the 
same,  it  may  be  considered  as  a good  recoiling  escapement.  This 
sort  of  detached  escapement,  as  it  may  be  so  called,  by  becoming  a 
dead  beat,  or  a recoiling  one,  at  any  time  when  required,  makes  it 
convenient  for  trying  various  experiments  with  these  kind  of  escape- 
ments. This  escapement  keeps  its  arc  of  vibration  pretty  steadily,  as 
experience  of  it  has  shown. 

We  shall  now  proceed  to  the  description  of  a clock  escapement, 
whose  pallets  require  no  oil,  invented  by  the  late  Mr  J ohn  Harrison, 
who  received  the  parliamentary  reward  of  <P20,000  for  his  marine 
time-keeper,  having  kept  the  longitude  at  sea  within  the  limits 
prescribed  by  the  act  of  parliament,  made  in  the  reign  of  Queen 
Anne. 

In  Plate  V.  No.  28.  S W is  the  swing  wheel,  whose  teeth  are 
shorter  than  usual ; on  the  verge  is  a brass  arm,  of  a sort  of  cross  and 
flat  pronged  form,  as  may  be  seen  at  0,  0,  0,  and  at  0,  e , No.  29.  and 
30.  upon  this  arm  are  screwed  two  brass  cocks,  marked  d,  d , in  No. 
28.  and  c7,  in  No.  29.  and  30.  the  upper  pivots  of  the  pallet  arbors, 
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as  seen  at  a.  No.  29.  and  30.  run  in  these  cocks,  and  the  lower  pivots 
in  the  end  of  the  prongs.  On  the  lower  end  of  the  pallet  arbors  is 
a brass  socket  to  each,  having  freedom  to  move  easily  in  them,  and 
also  a proper  end-shake  between  the  prongs  and  the  pallet  arms.  On 
that  end  of  each  of  the  sockets  next  to  the  pallet  arms,  is  rivetted  a 
thin  piece  of  brass,  the  piece  on  the  socket  of  the  driving  pallet  being 
shaped,  as  seen  at  h h,  No.  28,  and  29.  and  having  two  holes  in  it, 
one  of  these  holes  has  a range  limited  by  a pin  fixed  to  the  brass  arm 
from  the  verge;  the  other  hole,  which  is  at  the  outer  end,  allows 
range  to  a pin  which  is  fixed  to  an  arm  on  the  pallet  arbor,  as  may 
be  seen  at  h h,  No.  28.  and  h k,  No.  29.  The  piece  of  brass 
on  the  socket  of  the  leading  pallet  arbor  is  shaped,  as  seen  at  k k , 
No.  28.  and  30.  having  a tail  which  comes  to  rest  on  the  outer  edge 
of  the  cock  d , after  being  carried  a little  way  by  the  motion  of  the 
pallet;  at  the  outer  end  at  k,  is  a small  brass  screw,  serving  as  a 
counterbalance  to  the  opposite  arm  or  pallet  hook.  In  this  pallet 
arm  is  an  opening  through  which  the  swing  wheel  comes,  as  may  be 
seen  at  /,  No.  30.  the  arm  at  the  other  end  being  filed  thin  down, 
having  a sort  of  shoulder  on  it.  A B,  No.  28.  is  a stout  piece  of 
brass,  rivetted  or  screwed  to  the  verge  collet;  c c , is  the  steel  crutch 
having  another  arm  which  comes  up  on  the  inside  of  the  piece  of 
brass ; the  ball,  or  palm  of  the  crutch  is  kept  to  the  verge  collet,  by 
a sort  of  spring  collet  which  has  two  screws  outside,  and  through  to 
the  verge  collet,  the  crutch  having  liberty  to  turn  on  the  verge.  The 
piece  of  brass  A B has  two  short  knees  turned  up,  having  a hole 
tapped  into  each  to  receive  the  two  screws  s s , whose  ends  bear  on 
the  upper  arm  of  the  crutch,  and  serve  to  move  the  arm  to  one  side 
or  the  other,  so  as  to  put  the  pendulum  or  clock  on  beat ; p p is  a 
piece  of  hard  wood,  (such  as  lignumvitse,  or  green  ebony,)  put  on 
the  lower  end  of  the  crutch,  having  an  opening  in  it,  to  clip,  or  take 
in  with  the  middle  rod  of  a gridiron  pendulum. 

The  parts  of  this  escapement  being  described,  it  now  remains  to 
explain  their  action.  The  tooth  of  the  swing  wheel  which  has  hold 
of  the  hook  of  the  leading  or  right  hand  pallet,  carries  it  on  until  ano- 
ther tooth  meets  with  the  hook  or  notch  at  the  end  of  the  driving 
pallet  arm.  When  this  takes  place,  the  wheel  is  made  to  recoil  a 
little  back,  and  at  this  instant  the  hook  of  the  leading  pallet  gets  free 
of  the  tooth,  and  is  made  to  rise  clear  off  the  top  of  it,  by  means  of 
the  counterbalancing  of  the  brass  arm,  and  the  screw  k at  the  end  of 
it.  The  tooth  of  the  swing  wheel  which  has  now  got  into  the  notch, 
at  the  end  of  the  driving  pallet  arm,  carries  it  forward  until  another 
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tooth,  meeting  with  the  hook  of  the  leading  pallet  causes  the  wheel 
again  to  recoil.  This  allows  the  notch  of  the  driving  pallet  to  get 
free  of  the  tooth,  and  the  brass  piece  which  is  on  the  pallet  arbor  falls 
down  till  it  comes  to  rest  on  the  pin,  in  the  brass  cross  piece,  making 
the  pallet  notch  get  quite  clear  of  the  top  of  the  tooth,  and  so  on. 
There  is  a great  deal  of  ingenuity  displayed  in  the  contrivance  of  this 
escapement,  yet  the  nice  and  ticklish  balancing  of  the  pallets  occasions 
some  degree  of  uncertainty  in  their  operations ; and  whether  the 
great  recoil  which  it  has  may  not  be  against  the  time-keeping 
of  the  clock,  remains  yet  to  be  proved.  Was  it  this  escapement 
in  a clock  of  Harrison’s  at  his  house  in  Orange  Street,  of  whose 
going,  Mr  Short  said,  “That  he  could  depend  on  it  to  one  second 
in  a month?  and  “that  it  had  been  going  for  fourteen  years  at  this 
rater 

No.  31.  is  a segment  of  a swing  wheel,  or  part  of  one,  where  the 
teeth  are  made  so  as  to  keep  the  oil  constantly  to  their  points.  It  is 
well  known  that  oil  is  very  apt  to  run  down  from  the  points  of  swing 
wheel  teeth,  especially  those  in  the  common  recoiling  escapement, 
where  they  are  for  the  most  part  rather  thin  and  sharp. 

The  teeth  proposed  here,  after  being  cut  on  the  engine,  have  their 
points  formed  somewhat  like  an  epicycloid,  and  close  below  it  a small 
hole  is  drilled  from  back  to  front ; with  one  of  the  smallest  round 
files  a hollow  is  made  across  the  front  of  the  tooth,  keeping  the  hole 
rather  on  the  upper  part  of  the  hollow;  the  hole  should  be  chamfered 
a little  at  both  ends,  and  a broach  put  through  so  as  to  clean  it.  In- 
deed, if  a hole  is  made  not  far  from  the  points  of  teeth  in  common 
swing  wheels,  it  will  keep  the  oil  to  them  ; they  should  have  a gentle 
rounding  off,  which  will  be  of  advantage.* 

This  scheme  answers  the  end  proposed  extremely  well ; the  teeth 
carries  the  oil  along  with  them  during  their  acting  on  the  pallets, 
and  on  leaving  them  take  it  away.  It  is  above  forty  years  since  we 
suggested  this,  but  had  somehow  overlooked  it,  till  being  lately  re- 
minded of  it  by  one  who  had  successfully  put  it  in  practice  a consi- 
derable time  ago,  he  having  got  the  hint  from  some  of  our  people. 

* The  scheme  would  be  still  farther  improved,  by  making  a slit  from  the  points  of  the 
teeth  into  the  hole,  but  with  a saw  the  thinnest  possible,  and  only  on  alternate  teeth.  The 
saw  should  be  thinner  than  any  spring  at  the  repeating  part  of  a repeating  watch.  T.  R. 
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Directions  how  to  fit  up  an  escapement  for  an  astronomical  clock, 
where  gravity  is  made  the  impelling  force  to  the  pendulum,  and  where 
the  influence  of  heat  and  cold  can  have  no  place,  as  in  the  case  of 
spring  pallets,  and  where  the  pendulum  is  suspended  by  a spring. 

Let  a piece  of  fine  cast  steel  be  prepared,  from  which  a hollow  cy- 
linder can  be  made,  the  length  three  inches,  or  it  may  be  near  to  a 
quarter  of  an  inch  more,  the  outside  diameter  four-tenths  of  an  inch, 
the  inside  about  three-tenths  or  so ; being  truly  turned  on  the  out- 
side after  it  is  well  finished  in  the  inside,  it  may  then  be  hardened, 
and  so  far  brought  back  or  let  down,  that  a good  file  may  be  used  to 
open  a part  of  it  to  admit  the  detent  or  pallet  arbors : A short  part  of 
the  cylinder  is  left  whole  at  the  ends  for  the  purpose  of  having  brass 
or  copper  plugs  fixed  in  them;  it  is  in 'these  plugs  that  small  pieces  of 
steel  are  put,  on  the  outer  ends  of  which  are  turned  the  pivots  of  the 
verge,  as  it  may  be  called.  The  cylinder,  so  far  as  it  is  described, 
may  be  seen  in  Plate  VIII.  No.  42.  A 1,  A 2,  is  an  edge  view  of  a 
cock  which  is  screwed  on  the  inside  of  the  pillar  plate,  and  A 1, 
A 2,  is  a flat  view  of  it,  as  if  the  kneed  part  was  made  straight ; on 
the  upper  surface  or  part  A 1,  are  screwed  two  small  cocks  c , c , hav- 
ing each  a jewelled  hole  in  it ; c 2 is  an  edge  or  side  view  of  these 
small  cocks,  the  pivots  of  the  pallet  arbor  a run  in  these  jewelled 
holes,  b is  a socket  formed  on  one  end  of  the  pallet  arm,  serving 
to  twist  it  on  the  arbor  a.  The  main  cock  with  the  small  cocks 
c c must  be  so  placed  as  to  have  the  line  of  the  arbor  to  coincide 
with  the  dotted  line  represented  in  the  cylinder  as  its  centre.  Ano- 
ther main  cock,  the  same  as  A 1,  A '2,  is  screwed  on  the  inside  of 
the  foreplate  of  the  clock  frame,  having  small  cocks  on  it,  in  which 
runs  a pallet  arbor,  and  pallet  arm  socket  twisted  on  it ; the  line  ol 
this  arbor  must  be  made  also  to  coincide  with  the  line  at  the  centre 
of  the  cylinder,  taking  up  the  vacant  space  as  seen  in  the  drawing  of 
the  cylinder.  The  small  cocks  which  are  at  the  extremes,  must  be 
free  of  the  cylinder  inside,  and  of  the  plugs  in  the  ends  of  it ; those 
in  the  middle  may  be  placed  as  near  to  each  other  as  may  be ; one  of 
the  plugs  to  have  a round  part  outside  of  the  cylinder,  turned  so 
as  that  the  crutch  may  be  twisted  on  it,  and  yet  a small  degree  of 
rivetting,  when  brought  to  its  position,  should  it  be  found  necessary. 
S S represents  the  swing  wheel ; T T T is  a sort  of  anchor 
having  a hook  to  it  for  the  purpose  of  twisting  it  on  to  the  cylin- 
der. This  anchor  is  brought  up  pretty  close  to  the  plane  of  the 
swing  wheel ; there  should  be  a screw  in  the  upper  part  of  the  hook 
to  fix  it  to  the  cylinder.  At  that  part  of  the  anchor  represented  by 
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the  segment  of  a circle,  T T,  are  pieces  kneed  up,  and  screwed  on 
at  the  ends,  an  edge  view  of  them  is  seen  at  k,  and  extending 
equally  on  both  edges  or  tops  of  the  swing  wheel  teeth,  and  some- 
what beyond  them;  in  these  kneed  up  pieces  is  set  up  a diamond,  or  a 
bit  of  any  hard  stone,  against  which  a screw  in  the  tails  of  the  pal- 
lets acts ; p p 1 . represents  one  of  the  pallet  arbors  and  its  arm,  and  P, 
one  of  the  pallets  with  a tail  to  it,  in  which  is  a screw,  the  end  of 
which  comes  outside  the  anchor  knee,  acting  occasionally  on  it ; 
p p , and  P 2,  is  a side  view  of  one  of  the  pallets  and  its  arm.  This 
part  of  the  escapement  and  its  pallets  are  a near  representation  of 
what  has  already  been  described  ; the  action  of  which  being  under- 
stood, will  easily  be  applied  to  this,  as  it  is  as  nearly  alike  in  both  as 
may  be.  The  pallet  arbors  being  placed  in  this  manner,  are  in- 
dependent of  the  motion  of  the  verge  and  pendulum  ; and  in  its 
vibrations,  however  much  the  teeth  of  the  swing  wheel  may  press 
on  the  detents  or  nibs  of  the  pallets,  the  motion  of  the  pendulum 
cannot  be  affected  by  it.  The  arms  of  the  pallets,  one  of  them  parti- 
cularly, will  require  a kind  of  crank  part  in  it,  in  order  to  bring  the 
pallets  into  the  plane  of  the  swing  wheel ; and  with  the  acting  part  of 
the  anchor,  a hollow  must  be  made  in  the  upper  part  of  the  anchor, 
to  give  freedom  to  one  of  the  pallet  arbors.  A small  weight  is  put  be- 
hind each  of  the  pallets,  and  adjustable,  so  as  to  impress  more  or  less 
force  upon  the  pendulum. 

The  pendulum  to  this  clock  is  proposed  to  be  hung  in  a frame,  con- 
taining friction  rollers  for  the  pendulum  to  vibrate  on,  such  as  have 
already  been  described  ; and,  if  all  the  pivot  holes  are  made  in  plum- 
bago, it  will  supersede  the  necessity  of  applying  oil  to  the  pivots  : The 
pieces  of  plumbago  should  have  a slight  roasting,  so  as  to  dispel  any 
sulphureous  matter ; otherwise  it  would  show  itself,  by  making 
the  frame  plates  of  a dull  yellow  or  brownish  colour,  round  where 
the  plumbago  pieces  are  inserted. 

Having,  in  our  proposed  escapement,  adopted  gravity  as  the  main- 
taining force  to  keep  up  the  motion  of  the  pendulum,  it  might  be  so 
modified  as  to  do  this  and  no  more,  allowing  its  natural  influence  to 
be  as  wholly  on  the  pendulum  ball  as  may  be.  If  we  use  the  verge 
and  crutch  with  an  anchor  on  the  verge,  the  distance  between  the 
kneed  parts  at  the  ends  of  the  anchor  arch,  which  discharge  the  lock- 
ing of  the  swing  wheel,  may  be  made  so  near  to  each  other,  that  from 
the  return  of  one  pallet,  after  impelling  to  that  of  disengaging  the 
other,  the  pendulum  shall  vibrate  freely  and  independently  of  every 
thing  for  the  space  of  two  or  three  degrees,  the  whole  arc  being  sup- 
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posed  to  be  four;  that  is,  two  degrees  on  each  side  of  the  point  of 
rest.  In  this  mode  of  the  escapement,  there  must  be  limits  or  bank- 
ing for  the  pallets  to  stay  on,  from  the  time  of  the  pendulum  leaving 
them,  and  during  the  interim,  till  the  return;  this  might,  with  some 
propriety,  be  called  a detached  escapement.  Perhaps,  during  the  mo- 
tion of  the  pendulum  going  through  an  arc  of  half  a degree  only,  it 
might  be  giving  too  little  time  to  discharge  one  pallet,  and  raise  up 
the  other;  but  this  is  the  proportion  required  for  such  a modification. 
If  no  verge  and  crutch  are  used,  the  length  of  the  segment,  or  piece 
fixed  on  the  pendulum  rod  for  discharging  the  swing  wheel,  may  be 
made  so  as  to  discharge  it,  and  even  allow  the  pendulum  to  vibrate 
freely  for  the  space  of  two  or  three  degrees.  Should  thirty- five  mi- 
nutes of  a degree  be  found  too  little,  perhaps  it  may  be  practicable  to 
discharge  and  raise,  through  an  arc  of  forty  or  fifty  minutes;  but, 
even  to  do  this,  will  require  a considerable  force.  But,  supposing  the 
discharge  of  one  pallet  or  detent,  and  the  raising  up  of  the  other, 
could  be  done  in  the  course  of  the  pendulum  swinging  through  one 
degree,  the  force  required  to  do  so  cannot  be  little:  this  would  give 
to  every  vibration  an  arc  of  two  degrees  to  swing  freely  through,  and 
while  detached  from  every  thing  else.  It  may  be  observed,  that  the 
whole  time  given  for  the  swing  wheel  tooth  to  raise  a pallet  up,  may 
be  taken  from  the  discharge  on  the  opposite  side  till  its  return  there, 
which  would  be  the  double  of  one  degree;  and  here  a less  force  may 
be  required  to  raise  the  pallets  up  with  the  small  weights  attached  to 
them  than  it  would  otherwise  do. 

In  an  escapement  of  this  kind,  where  an  anchor  on  the  verge  is 
used,  the  discharging  of  the  swing  wheel  from  its  locking  takes  place 
at  34  minutes  of  a degree  beyond  the  point  of  rest;  during  the  time 
that  the  pendulum  swings  through  an  arc  of  one  degree  and  26  mi- 
nutes more,  the  swing  wheel  has  got  the  pallet  on  the  opposite  side 
raised,  and  the  time  before  it  can  be  again  unlocked,  the  pendulum 
in  returning,  must  swing  through  an  arc  of  two  degrees  34  minutes. 

The  force  required  to  keep  a pendulum  in  motion,  will  depend  on 
the  weight  of  the  pendulum  ball;  half  the  force  will  keep  a pendu- 
lum in  motion,  whose  weight  is  only  12  lbs.,  that  will  be  required  to 
keep  one  in  motion  of  24  lbs.  Escapements  in  general  have  more 
force  than  is  necessary  to  keep  the  pendulum  in  motion : and  where 
this  is  the  case,  it  must,  according  to  the  nature  of  the  escapement, 
be  either  retarded  or  accelerated, — of  course,  the  pendulum  will  not 
be  so  much  under  the  influence  of  gravity  as  we  here  wish  to  pro- 
pose. Let  the  flanches  of  the  pallets  be  made  so  as  to  subtend  a 
small  angle,  they  will  then,  with  the  small  weights  attached  to  them? 
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be  easier  raised  up;  and  having  a little  wav  to  descend  and  impel 
the  pendulum,  the  force  may  be  made  sufficient  to  keep  up  the  mo- 
tion, and  yet  leave  a great  part  of  it  free  and  detached,  and,  as  it 
were,  wholly  under  the  force  and  influence  of  gravity, — a force  that 
must  be  very  uniform  and  constant. 

Some  idea  of  the  expediency  of  allowing  gravity  to  exert  itself  as 
much  as  possible  on  the  pendulum,  may  be  taken  from  what  was  ob- 
served in  our  operations  with  the  spring  kind  of  pallets,  by  showing 
the  different  effect  which  they  had  on  the  motion  of  the  pendulum, 
according  as  the  springs  were  set  strong,  or  less  so.  When  they  had 
somewhat  of  strength,  they  made  the  pendulum  to  vibrate  a semi-arc 
of  about  2 degrees  10  minutes;  and  here  the  clock  had  a tendency 
to  gain  a few  seconds  in  the  day;  setting  the  strength  the  smallest 
possible  degree  weaker,  it  gave  a semi-arc  of  vibration  of  about  1 de- 
gree 50  minutes;  with  the  shorter  arc,  the  clock  ought  to  have  gone 
faster  than  it  did  before,  whereas,  on  the  contrary,  it  went  slower, — 
the  influence  of  gravity  being  more  disturbed  in  the  first  case  than 
in  the  last.  It  is  probable,  that  where  the  motion  of  a pendulum  is 
kept  up  by  a force  just  sufficient  to  do  so,  and  no  more,  that  the  pen- 
dulum, in  this  case,  would  be  more  readily  affected  by  changes  in  the 
density  of  the  atmosphere,  than  it  would  be  were  the  case  otherwise; 
yet  there  appears  to  be  no  reason  here  that  we  should  interfere  with 
the  influence  of  gravity  on  that  account. 

When  the  ball  of  a gridiron  pendulum  rod  should  happen  to  be 
rather  light,  the  performance  here  will  not  be  so  equal  or  so  steady 
as  with  a heavier  one.  Indeed,  the  weight  of  the  entire  pendulum 
should  lie  as  much  as  possible  in  the  ball  itself,  that  it  alone  may 
have  all  the  momentum,  or  force  of  motion.  Perhaps  the  regularity 
of  some  clocks,  which  have  pendulums  with  a wooden  rod,  besides 
having  little  or  no  variation  in  length  from  change  of  temperature, 
may  owe  a great  part  of  this  to  the  small  proportion  which  the  weight 
of  the  rod  bears  to  that  of  the  ball, — these  rods  for  a second’s  pendu- 
lum being  seldom  much  heavier  than  an  ounce  or  two;  whereas,  in 
some  compound  pendulums,  the  parts  composing  the  rod  will  amount 
to  two,  three,  four,  or  even  five  lbs. — In  a Treatise  on  Mechanics , 
by  Dr  Olinthus  Gregory,  Vol.  II.  p.  389.  Plate  XXIX.  Fig.  8.  a 
description  is  given  of  a very  nice  gravitating  escapement  of  Mudge’s 
contrivance. 

The  properties  of  a good  escapement  are,  that  the  impelling  force 
should  be  applied  in  the  most  uniform  and  direct  way,  and  with  the 
least  friction  and  loss  of  motive  power;  that  it  requires  little  or  no 
oil,  and  that  the  oscillations  of  the  regulator,  whether  it  is  a pendu- 
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lum  or  a balance,  be  made  in  as  free  and  undisturbed  a manner  as 
possible.  The  nice  execution  required  in  an  escapement,  whether 
for  a clock  or  a watch,  formerly  engrossed  so  much  of  the  atten- 
tion of  workmen,  that  they,  in  some  measure,  lost  sight  of  the  pro- 
perties of  the  pendulum,  as  well  as  that  of  the  spiral  or  balance 
spring,  and  thought  that  the  time-keeping  of  their  machines  de- 
pended more  on  the  escapement  than  on  any  other  thing,  without 
considering  that  the  regularity  in  time-keeping  lies  wholly,  or  almost 
so,  in  the  pendulum  and  in  the  spiral  spring.  Berthoud  imputes  a 
notion  like  this  to  Harrison,  for  attempting  to  make  the  escapement 
in  his  time-keeper,  so,  that  the  long  and  short  vibrations  should  be 
made  in  equal  times.  “Whereas,”  he  says,  “he  ought  to  have  looked 
for  this  in  the  isochronous  property  of  the  spiral  or  balance  spring.  But 
this  property  (he  adds)  was  unknown  at  that  time  to  the  English  ar- 
tists, and  was  a discovery  of  those  in  France,  from  whom  the  Eng- 


lish artists  afterwards  obtained  it.”  If  this  had  been  the  case,  how 
did  it  happen,  ( and  that  too  so  long  before  the  period  'when  Le  Roy 
and  Berthoud  disputed , each  claiming  the  merit  of  haring  first 
made  the  discorer y of  this  property  in  the  spiral  spring ,)  that 
Mudge  should  have  mentioned  in  his  tract  published  in  1763,  “that 
the  pendulum,  or  balance  spring,  from  physical  principles,  made  the 
balance  perform  the  long  and  short  vibrations  in  equal  times?”  He 
learned  this  from  Dr  Hooke’s  works,  with  which  he  was  well  ac- 
quainted; for  this  property  of  springs  was  known  to  Dr  Hooke,  and 
pointed  out  by  him  upwards  of  an  hundred  years  before  Mudge  publish- 
ced  his  pamphlet.  It  is  but  too  true  that  few  or  none  of  the  English 
artists  appear  to  have  been  acquainted  with  these  properties  till  very 
lately,  though  Mr  Mudge  had  adverted  to  them  so  long  before,  and 
though  they  were  contained  in  the  works  of  Dr  Hooke.  Lepaute’s 
book  was  published  at  Paris  in  1767;  and  it  does  not  contain  the 
most  distant  hint  of  these  properties  of  the  balance  spring;  hence 
they  were  not  known  there  at  the  time  Lepaute  wrote,  otherwise  he 
would  have  mentioned  them,  being  a man  of  genius  and  of  consider- 
able research.  It  was  about  this  time,  or  soon  after,  that  the  dis- 
putes commenced  between  Le  Roy  and  Berthoud  regarding  this  subject. 

Watch-finishers  always  made  the  pendulum  spring  for  the  watches 
of  their  own  finishing,  while,  at  the  same  time,  knowing  nothing  of 
its  properties,  the  general  practice  was  to  taper  them,  so  that  the 
coils,  while  bending  or  unbending,  should  preserve  an  equal  distance 
with  one  another ; and  this  method  has  been  used  ever  since  the  ap- 
plication of  the  spiral  spring.  Those  who  finished  watches  for  Mudge 
and  Dutton  were  never  employed  to  make  the  pendulum  spring:  this 
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was  always  done  at  home  by  either  Mudge  or  Dutton  themselves, 
who,  no  doubt,  endeavoured  to  make  them  as  nearly  isochronous  as 
possible.  This,  among  other  causes,  perhaps,  gave  their  watches 
the  celebrity  which  they  at  that  time  so  deservedly  acquired. 

As  we  shall  soon  be  on  the  subject  of  remontoirs,  the  following  his- 
tory of  them  may  not  be  impertinent : — The  pallets  of  the  escapement 
at  the  turret  clock  in  Greenwich  Hospital  are  said  to  have  been  con- 
trived by  Mr  Smeaton,  civil  engineer.  The  following  narrative  will 
so  far  show  how  he  came  to  be  concerned  in  it.  It  may  be  observed 
that  he  was  at  this  time  one  of  the  Commissioners  of  the  said  Hospital. 

The  turret  clock  which  is  in  the  cupola  of  Greenwich  Hospital, 
was  undertaken  by  the  late  Mr  John  Holmes,  watch-maker,  Lon- 
don, and  executed,  under  his  directions,  by  Mr  Thwaites.  But  be- 
fore any  thing  was  done,  Mr  Holmes  consulted  two  gentlemen,  very 
intimate  friends  of  his ; the  one  was  the  Rev.  Professor  Ludlam  of 
Cambridge,  the  other  Mr  Smeaton,  both  of  whom  were  eminently 
qualified  to  give  such  advice  as  was  wanted  in  his  business,  not  only 
about  the  escapement,  but  how  every  part  of  the  clock  should  be  fitted 
up,  so  as  to  ensure  safety  and  utility  in  its  performance.  Several  very 
long  and  masterly  letters  (of  which  we  have  copies,  though  none  of 
the  originals  were  ever  published,)  passed  between  them  on  this  occa- 
sion, and  evince  much  ingenuity.  They  agreed  that  the  escapement 
should  have  a recoil.  Mr  Smeaton  recommended  that  the  pallets, 
in  place  of  having  planes,  as  was  common  for  their  acting  parts, 
should  have  curved  surfaces, — the  leading  pallet  being  concave,  and 
the  driving  one  convex ; and  when  the  pendulum  was  at  or  near  to 
the  extremity  of  the  vibration,  the  escapement  should  then  be  nearly 
dead.  This  was,  he  said,  what  “ old  Father  Hindley  at  York  had  ulti- 
mately come  into.”  Professor  Ludlam  advised  that  the  swing  wheel 
teeth  should  be  thick  and  deep,  and  of  such  a shape  as  to  roll  on  the 
pallets,  and  not  to  slide  on  them,  which  would  prevent  biting  or 
wearing.  The  pallet  arms  were  of  brass,  made  so  as  to  put  it  in  the 
power  of  the  clock -maker  to  take  the  pallets  very  easily  out,  when  re- 
pairing was  necessary.  These  methods  had  long  before  this  been 
used  by  Harrison,  and  were  adopted  in  a clock  of  his  in  Trinity  Col- 
lege, Cambridge,  as  mentioned  by  the  Professor.  Broad  rubbing 
surfaces  were  strongly  advised  by  them.  Mr  Smeaton , at  this  pe- 
riod, took  away  gudgeons  from  a mill  wheel , whose  diameters  were 
only  two  and  a half  inches , and  put  others  in  their  place  of  eight 
inches , with  great  success , as  it  afterwards  proved.  On  the  same 
principles  which  have  just  now  been  mentioned,  was  the  escapement 
made  for  the  clock  which  the  author  put  up  in  St  Andrew’s  church, 


A REMONTOIR  NO  ESCAPEMENT. 


213 


Edinburgh ; and  although  it  has  been  going  well  on  to  forty  years, 
there  is  not  yet  the  smallest  appearance  of  biting  or  wearing  on  the 
pallets. 

Escapements  have  been  divided  into  classes,  one  of  which  has  been 
called  that  of  the  remontoir  kind.  Now  the  mechanism  of  a remon- 
toir  may  be  applied  to  any  escapement ; and  even  then  it  can  hardly 
be  said  to  form  a part  of  it,  more  than  the  wheels  of  the  movement, 
or  the  weight  which  impels  them. 

The  motive  force,  passing  through  the  wheels,  may  at  times  be  un- 
equally impressed  upon  the  escapement,  either  of  a clock  or  a watch. 
This  idea  gave  rise  to  the  invention  of  what  has  been  called  remon- 
toir s;  that  is,  that  the  movement  should  at  intervals  be  made  to 
wind  up  either  a small  weight,  or  bend  up  a delicate  spring,  which 
alone  should  give  its  force  to  the  escapement,  by  which  means  the 
pendulum  or  balance  is  supposed  to  be  always  impelled  by  an  equal 
and  uniform  force.  The  earliest  thins:  of  this  sort  was  used  about 
the  year  1600.  Huygens  applied  it  to  some  of  his  clocks,  and 
gives  a description  of  it  in  his  Horologium  Oscillatorium ; and  Har- 
rison had  one  in  the  marine  time-keeper,  which  gained  him  the  great 
reward.  We  are  of  opinion  that  they  are  of  no  great  use,  either  to 
a clock  or  to  a spring  time-piece ; for  if  the  pendulum  of  the  one  is 
well  fixed,  and  the  momentum  of  the  ball  is  not  too  little,  any  small 
inequalities  of  the  motive  force  through  the  wheels  will  hardly  be 
perceptible  ; and  in  the  spring  time-keeper,  the  isochronism  of  the 
pendulum  or  balance  spring  is  sufficient  to  correct  any  inequalities 
whatever  in  the  motive  force.  As  their  mechanism,  however,  is  cu- 
rious, and  has  been  rarely  described,  it  may  not  be  uninteresting  to 
the  reader  to  have  an  account  of  it,  and  also  such  as  would  enable 
the  clock-maker  to  construct  and  adopt  it,  should  he  think  proper. 

The  one  which  is  proposed  to  be  described,  is  that  which  we  con- 
trived for  the  clock  in  St  Andrew's  Church,  Edinburgh.  Suppose  a 
small  frame,  separate  and  independent  of  the  clock  frame,  to  contain 
two  wheels,  one  of  which  is  the  swing  wheel,  the  frame  having  within 
it  the  escapement  work  also.  The  other  wheel  is  crossed  out  so  as  to 
be  very  light,  the  rim  being  left  just  so  broad  as  to  admit  fixing  on 
it  seven  kneed  pieces  or  teeth,  each  about  a quarter  of  an  inch  thick, 
and  half  an  inch  long,  three  of  which  are  on  one  side  of  the  rim,  and 
four  on  the  other  side.  Three  on  each  side  have  the  knees  of  dif- 
ferent heights,  corresponding  each  to  each ; the  fourth  is  a little 
higher  than  either  of  the  third  highest.  The  wheel  on  which  these 
are  fixed  has  a tooth  prolonged  beyond  the  rim,  of  the  same  thick- 
ness and  length  as  the  others,  making  eight  teeth  in  all,  having  a 
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small  space  left  between  each.  These  teeth  become  as  it  were  so 
many  wheels,  but  in  different  planes,  and  are  at  equal  distances  from 
one  another,  with  the  same  extent  of  radius  coming  to  the  centre  of 
the  swing  wheel  arbor,  being  just  so  much  larger  than  that  of  the 
swing  wheel,  as  to  allow  the  swing  wheel  teeth  to  clear  the  arbor  of 
it.  The  ed^es  or  sides  of  the  teeth  which  rest  on  the  swing;  wheel 
arbor  are  planes,  and  rounded  off  on  the  opposite  sides  to  the  point 
or  angle  formed  by  this  plane.  The  arbor  of  the  swing  wheel  has 
eight  notches  cut  into  it  a little  beyond  the  centre.  These  corre- 
spond to  the  eight  teeth  of  the  other  wheel,  and  are  sufficiently  wide 
and  deep  to  allow  the  teeth  to  pass  freely  through  them.  Each  notch 
stands  at  an  angle  of  45  degrees  to  the  one  which  is  next  it,  which 
difference  is  continued  along  the  arbor,  through  the  whole,  making 
360  degrees  for  one  revolution  of  the  swing  wheel.  On  each  of  the 
arbors  of  these  wheels,  is  fixed  a pulley,  having  a square  bottom,  in 
which  were  set  ten  hard  tempered  steel  pins,  a little  tapered,  some- 
thing like  the  pulleys  at  the  old  thirty-hour  clocks,  but  the  bottom  of 
which  was  a round  groove  in  place  of  a square.  The  pendulum  was 
fixed  to  the  wall  of  the  steeple,  as  well  as  the  frame  containing  the 
escapement  work,  and  with  the  apparatus  which  has  been  described. 
The  arbor  of  the  eight-toothed  wheel  had  one  of  its  pivots  prolonged 
with  a square  made  on  the  end  outside.  The  clock  frame  containing 
the  movement  was  in  the  middle  or  centre  part  of  the  steeple,  and  a 
pinion  in  it,  which  represented  or  had  the  place  of  the  swing  wheel 
pinion ; had  one  of  its  pivots  also  prolonged  and  squared  outside ; 
these  squared  parts  of  the  pivots  were  connected  by  a steel  rod,  and 
Hooke’s  joints.  The  main  weight  of  the  clock  being  put  on,  must 
urge  not  only  the  wheels  to  turn,  but  also  that  wheel  having  the  kneed 
teeth ; and  some  one  or  other  of  these  teeth  pressing  on  the  arbor  of 
the  swing  wheel,  they  cannot  turn,  consequently  none  of  those  in  the 
large  frame  can  turn,  nor  can  the  swing  wheel  turn  here,  unless  some 
other  means  are  used.  An  endless  chain  was  provided,  and  passed 
over  the  two  pulleys  fixed  on  the  wheel  arbors,  and  through  two  com- 
mon pulleys,  to  one  of  which  is  hung  the  small  weight  that  is  to  turn 
round  the  swing  wheel,  and  to  the  other  a counter  weight.  The 
weight  which  turns  the  swing  wheel  has  its  force  applied  on  that  side, 
so  as  to  make  the  wheel  act  properly  with  the  pallets  ; now,  while 
the  swing  wheel  is  turning,  the  pendulum  being  supposed  in  motion , 
one  of  the  other  wheel  teeth  is  gently  pressing  on  its  arbor.  When- 
ever this  tooth  meets  with  its  own  notch,  it  will,  by  means  of  the 
main  weight,  be  made  to  pass  quickly  through  it;  while  passing , 
the  small  weight  is  wound  up  a little  by  the  main  one  ; the  succeed- 
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ing  tooth  them  meeting  with  the  swing  wheel  arbor,  rests  on  it  for  a 
quarter  of  a minute,  till  its  notch  comes  about;  it  then  passes  in  its 
turn,  and  so  on.  The  swing  wheel  makes  a revolution  every  two 
minutes,  in  which  time  the  wheel  with  the  eight  teeth  makes  also  one. 
The  minute  hand,  by  this  mechanism,  at  the  time  of  any  of  the  teeth 
passing  through  the  notches , makes  a start  every  quarter  of  a minute; 
and  at  every  such  passing,  the  small  weight,  as  has  been  stated,  is 
wound  up  a little  by  the  great  or  main  one.  After  the  clock  had  gone 
a considerable  time  with  this,  it  was  found  that  the  kneed  teeth  got  a 
little  swelled,  or  staved  up,  on  their  parts  of  rest,  by  the  force  of  the 
main  weight,  which  made  them  fall  too  rapidly  on  the  swing  wheel 
arbor. 

To  remedy  this,  an  endless  screw  wheel  was  put  on  the  arbor  of  the 
remontoir  wheel,  or  wheel  with  the  kneed  teeth , working  into  an  upright 
endless  screw,  on  the  upper  end  of  whose  arbor  was  fixed  a pretty 
large  fly,  in  order  to  lessen  the  velocity  of  the  remontoir  wheel,  and 
make  the  kneed  teeth  fall  gently  on  the  swing  wheel  arbor.  This 
helped  the  swelling  greatly,  but  did  not  entirely  prevent  it  taking 
place,  though  it  now  came  slowly  on,  and  existed  in  a less  degree. 
The  endless  chain  had  also  a tendency  to  wear  fast : in  consequence  of 
this,  and  no  provision  being  made  for  the  swelling  of  the  kneed  teeth, 
which  might  have  been  done  in  some  degree,  by  making  the  notches 
on  the  swing  wheel  arbor  much  wider  at  first  than  was  required  for 
them  when  newly  finished  and  first  applied;  this  part  of  the  remontoir 
was  taken  away,  and  the  rod  with  Hooke’s  joints  was  put  on  the  square 
of  the  pivot  of  the  swing  wheel  arbor  prolonged  on  the  outside  of  its 
frame.  These  matters  being  previously  guarded  against,  it  might  be 
well  for  some  artist,  in  future,  to  try  such  a remontoir.  During  the 
four  years  it  was  in  use,  the  clock  went  uncommonly  well,  and  was 
the  admiration  of  all,  and  particularly  a gentleman  who  lived  opposite 
the  church,  who  was  an  amateur  in  horology.  One  of  our  men  who 
took  an  interest  in  this  clock,  said  it  did  not  do  so  well  after  the  re- 
montoir was  taken  away.  This,  however,  may  have  been  more  owing 
to  a change  in  the  position  of  the  weights,  than  to  any  thing  else,  oc- 
casioned by  a chime  of  eight  bells  being  put  up  in  the  steeple.  For  the 
weights,  in  place  of  having  their  natural  fall,  were  now  carried  a great 
way  up  in  the  steeple  above  the  bells  and  clock,  in  order  to  fall  down 
again ; and  here  a complication  of  rollers  and  pulleys  became  requisite. 

A scheme  was  made  out,  to  make  the  rewinding  by  a spring,  in 
order  to  get  rid  of  pulleys  and  the  endless  chain,  but  being  a thing 
that  is  nowise  likely  to  be  adopted,  it  becomes  therefore  unnecessary 
to  describe  it. 
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We  observe  a model,  something  like  this,  has  lately  been  given  in 
to  the  Society  for  the  encouragement  of  Arts,  &c.  by  an  old  and  ex- 
cellent workman  of  our  own  bringing  up.  See  Vol.  XLII.  of  that 
Society’s  Transactions. 

This  clock  was  put  up  in  the  beginning  of  the  year  1788;  after 
going  till  August  1796,  being  eight  years  and  three  quarters  nearly , it 
was  taken  down  and  cleaned;  during  the  period  it  had  been  going, 
two  sets  of  pins  in  the  rewinding  pulleys  were  nearly  worn  out.  The 
endless  chain  seemed  also  to  wear  very  fast;  in  short,  the  rewinding 
part  seemed  to  promise  much,  but  being  liable  to  so  many  accidents, 
frequently  causing  the  clock  to  stop,  from  these  parts  wearing  so  fast, 
it  was  thought  proper  to  take  it  away,  and  to  connect  the  swing  wheel 
arbor  with  the  pinion  which  ran  within  the  main  frame;  for  this  pur- 
pose the  swing  wheel  got  another  arbor,  with  one  of  the  pivots  thick 
and  prolonged  outside,  so  as  to  have  part  of  it  squared ; between  it  and 
the  square  part  of  the  pinion  in  the  main  frame,  a connecting  rod  with 
Hooke’s  joints  was  put,  by  this  means  an  immediate  communication 
took  place  between  the  main  frame  and  the  swing  wheel, — thus  re- 
moving all  the  accidents  continually  attending  the  rewinding  part. 
The  clock  nevertheless  seemed  to  perform  very  well;  the  pendulum 
being  firmly  fixed  to  the  wall  of  the  steeple,  certainly  contributed  not 
a little  to  this. 

After  this  alteration  had  been  made,  the  arc  of  the  pendulum’s  vi- 
bration increased  very  much  beyond  what  it  was  before;  in  order  to 
bring  it  back  to  its  former  arc,  it  was  found  necessary  to  reduce  the 
going  weight  considerably.  Does  not  this  say  that  much  of  the  force 
of  the  main  weight  must  have  been  taken  up,  in  the  rewinding  of  the 
small  weight  which  carried  the  swing  wheel  forward?  May  not  this 
be  the  same  in  all  cases,  where  a rewinding  part  is  introduced,  such 
as  in  Harrison’s,  Mudge’s,  Haley’s,  &c.?  They  are  all  on  the  same 
principle,  only  differently  modified. 

It  must  be  confessed,  that  in  the  apparatus  of  rewinders,  there  is  an 
appearance  of  their  giving  an  equal  impulse  at  all  times  to  the  regula- 
tor of  the  machine,  whether  it  is  a pendulum  or  a balance;  in  our  ex- 
perience with  them,  they  have  always  been  found  so  far  useless,  that 
there  seemed  to  be  no  possibility  of  keeping  them  constantly  to  their 
purpose.  Having  in  one  instance  applied  to  a spring  time-piece,  a re- 
winder made  after  that  of  Haley’s,  and  notwithstanding  a continuance 
of  repeated  trials,  and  every  thing  done  in  order  to  make  it  do  what  was 
intended,  yet,  after  all,  it  was  at  last  found  requisite  to  take  it  away. 

It  is  singular,  in  all  their  correspondence  with  Mr  Holmes,  neither 
Smeaton  nor  Ludlam  ever  once  hinted  of  applying  a rewinder  to  the 
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turret  clock,  which  at  that  time  was  in  hands  for  the  Royal  Hospital 
at  Greenwich,  seeing  the  great  anxiety  they  displayed  to  have  it  as 
complete  as  possible,  they  surely  were  not  ignorant  of  the  mechanism 
of  such  a thing ; Ludlam  in  particular,  who  had  been  appointed  by 
the  Board  of  Longitude,  as  a man  of  talent,  to  take  from  Harrison 
an  explanation  of  the  mechanism  of  his  time-keeper ; they  must  have 
known  something  of  the  ticklishness  or  fallibility  of  a rewinder,  or 
perhaps  they  thought  it  of  little  or  no  use,  so  far  as  regarded  the 
making  of  a strong  and  sound  clock.  At  the  time  we  were  making 
up  the  clock  for  St  Andrew's  church,  Mr  Holmes  very  kindly  sent, 
for  our  information,  the  letters  which  Smeaton  and  Ludlam  had  writ- 
ten to  him,  when  he  was  engaged  with  the  clock  for  Greenwich  Hos- 
pital : it  must  be  allowed  that  they  are  invaluable,  so  far  as  regards 
the  making  up  of  turret  clocks.  The  late  Professor  Robison  having 
got  a reading  of  them,  was  so  highly  pleased,  that  he  took  a kind  of 
interest,  and  entered  into  such  ideas  as  he  thought  might  improve 
the  clock  for  St  Andrew's  church  ; among  other  things,  he  suggested 
that  of  a rewinder.  He  had  been  talking  to  the  late  Dr  John  Hut- 
ton, and  the  celebrated  James  Watt , of  our  making  up  the  clock, 
and  in  a note  sent,  says,  “They  have  just  been  with  me,  and  have 
assured  me,  that  the  transparent  black  gun-flint  is  of  prodigious 
hardness,  and  takes  an  exquisite  polish ; the  white  flint  is  not  near  so 
hard,  and  the  dull  black  flint  is  gritty.  Mr  Watt  advises  to  make 
the  swing  wheel  of  hard  steel,  or  toughish  bell  metal;  because  all  sort 
of  metals,  such  as  brass,  take  hold  of  the  dust  and  other  grinding  mat- 
ters, it  sticks  fast  on  their  surface,  and  hence  will  cut  the  pallets. 
He  also  disapproves  of  friction  rollers  in  the  dial-work,  because,  when 
out  of  order,  they  cannot  easily  be  got  at  to  be  repaired.  He  recom- 
mended a slip  of  thin  tanned  leather,  soaked  in  oil,  not  linseed , be- 
tween the  hour-hand  socket,  and  the  minute-hand  rod  ; it  keeps  out 
all  wet  and  dust,  and  will  last  for  ever,  even  under  very  great  pressure, 
as  he  has  experienced  in  his  Engines .” 

Professor  Robison  was  deservedly  allowed  to  be  a very  able  philo- 
sopher, and  may  be  considered  to  have  been  more  or  less  an  adept  in 
all  the  sciences,  but  perhaps  had  not  that  experience  with  clocks  which 
Smeaton  and  Ludlam  seem  to  have  possessed ; indeed  Smeaton  was 
bred  a clockmaker  with  the  celebrated  Henry  Hindley  of  York. 

Notwithstanding  Mr  Watt's  Observations,  the  swing  wheel 
was  made  of  very  fine  brass,  and  the  pallets  of  steel  very  hard 
tempered,  and,  after  going  nearly  forty  years,  there  is  hardly 
any  appearance  of  biting  or  wearing  to  be  seen  on  them,  as  has 
already  been  stated ; it  is  true  that  the  escapement  work  and  its 
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frame,  were  inclosed  in  a wooden  box,  in  order  to  prevent 
dust  getting  to  it.  It  was  never  in  our  contemplation  to  use 
friction  rollers  to  the  dial  wheels  ; they  are  however  fitted  up  in  such 
a manner,  that  neither  the  hour  wheel  socket,  nor  the  rod  of  the  mi- 
nute hand  wheel,  can  tend  to  pinch  one  another  in  their  end  shakes. 
A piece  of  leather,  however  thin,  could  not  well  be  introduced  into 
the  hour  wheel  socket ; leather  might  have  been  put  into  the  socket 
at  the  centre  of  the  dial  where  the  hands  bear,  though  with  no  great 
pressure,  chiefly  on  the  hour  hand  socket ; but  the  motion  is  so  very 
slow,  making  one  revolution  only  in  twelve  hours,  that  even  here 
leather  was  hardly  necessary. 

Having  said  so  much  about  rewinders,  we  may  give  Berthoud’s 
opinion  of  them,  after  giving  the  description  of  the  escapement  con- 
trived by  Mudge  for  his  time  keepers.  He  says,  “The  combina- 
tion of  this  escapement  must  appear  seducing,  yet  it  is  to  be  suspect- 
ed, that  a mechanism  so  complicated,  and  whose  effects  are  so  nice, 
cannot  be  easily  put  in  practice  ; for  it  requires  an  extreme  precision 
of  execution  to  make  its  performances  sure,  such  as  the  stopping  of 
the  balance  wheel  teeth  by  the  nibs  of  the  pallets;  also  to  make 
their  axis's  coincide  exactly  with  that  of  the  balance,  the  pallets  in 
rewinding,  increasing  the  friction  of  the  regulator,  two  pivots  of 
these  pallets  are  constantly  in  action,  during  each  vibration,  which 
comes  to  be  the  same  thing  as  if  the  balance  had  four  pivots,  &;c.,, 

“We  shall  observe,  moreover,  says  Berthoud,  that  the  regulator 
of  Mr  Mudge  is  composed  of  four  spiral  springs,  two  for  the  pallets, 
that  is,  one  for  each  pallet  arbor,  and  two  for  the  balance,  and  these 
ought  to  obtain  isochronism ; for  it  is  indispensably  necessary  in  a 
portable  machine,  that  the  oscillations  of  unequal  extent  of  the  ba- 
lance should  be  isochrone  ; now,  if  they  are  so,  the  mechanism  of  the 
remontoir , or  that  of  rewinding,  is  not  of  any  use  ; and  if  they  are 
not  so,  the  chronometer  will  vary  notwithstanding  the  rewinder , 
when  by  agitations  or  shocks  the  balance  shall  describe  the  greatest 
or  the  smallest  arcs,  and  when  these  arcs  shall  vary,  either  from  the 
friction  of  the  pivots,  or  from  a change  of  force  in  the  spirals,  pro- 
duced by  heat  or  by  cold,  &c.  See  Histoire  de  la  Mesure  du  Temps , 
tom.  ii.  p.  50. 

It  is  a great  many  years  since  Mr  Charles  Haley  took  out  a pa- 
tent for  a rewinder  ; and  soon  after  this,  Mr  Delafons  contrived  ano- 
ther, both  of  a very  nice  construction, — a description  of  which  is  given 
in  the  Transactions  of  the  Society  for  the  encouragement  of  Arts, 
Commerce,  and  Manufactures  ; how  far  they  answered  the  end  pro- 
posed we  have  not  been  able  to  learn,  although  our  utmost  endea- 
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vours  were  exerted  to  procure  this  information.  A very  ingenious 
thing  of  this  kind  has  lately  been  put  to  a chronometer  by  Mr  Scrim- 
geour , watch-maker , Glasgow , an  artist  of  considerable  talent , and  an  en- 
thusiast in  his  profession , which  appears  to  promise  well ; and  we  sin- 
cerely wish  that  it  may  come  up  to  meet  his  most  sanguine  expectations. 

Harrison’s  remontoir  was  a very  delicate  spring,  which  was  bent  or 
wound  up  eight  times  in  a minute.  Were  it  necessary,  a more  par- 
ticular description  could  be  given  of  it  than  what  is  detailed  in  the 
description  of  his  time-keeper.  In  Haley’s,  the  remontoir  is  bent  up 
150  times  in  a minute.  In  the  escapement  of  Mudge’s  marine  time- 
keepers, what  may  be  called  the  remontoir,  was  bent  up  300  times  in 
a minute;  the  escapement  here  became,  in  some  degree,  wholly  the 
remontoir.  A variety  of  clock  escapements  may  be  seen  in  Thiout, 
and  in  some  of  the  modern  periodical  works;  yet,  for  the  purpose  of 
common  and  ordinary  sort  of  clocks,  they  are  confined  chiefly  to  those 
of  the  dead  beat,  and  the  recoil.  Where  accurate  performance  is  re- 
quired and  expected,  some  may  have  recourse  to  escapements  of  a 
different  description. 

About  the  year  1752,  Le  Roy,  Lepaute,  and  other  clock-makers  in 
Paris,  were  much  engaged  in  making  clocks  having  only  one  wheel  in 
them,  and  some  had  not  even  a single  wheel  in  the  movement  part. 
They  were,  however,  more  expensive  in  making,  and  performed  much 
worse  than  those  which  were  constructed  in  the  ordinary  way.  Sim- 
plicity in  the  machinery  seems  to  have  been  their  chief  object.  It 
requires,  however,  experience  to  know  what  simplicity  in  machinery 
is;  although  apparently  more  simple,  a clock  having  two  wheels  will 
not  be  equal  to  that  having  three  or  four;  yet  it  does  not  follow,  that, 
by  having  more  wheels,  the  clock  will  be  proportionally  better.  It 
has  already  been  mentioned,  that  there  are  bounds  which  cannot  be 
overstepped  with  impunity. 

This  subject  cannot  be  better  exemplified  than  by  making  a com- 
parison of  one  of  Hindley’s  clocks  having  two  wheels,  and  the  pendu- 
lum giving  thirty  vibrations  in  a minute,  with  a clock  giving  the  same 
number  of  vibrations  in  the  same  time,  and  with  three  wheels. 

The  first  or  great  wheel  in  one  of  Hindley’s  had  180  teeth,  the 
second  or  swing  wheel  120,  and  the  pinion  8.  The  number  of  these 
teeth  and  pinion-leaves  amounts  to  308.  In  the  other,  the  wheels 
were  48,  40,  and  30,  with  two  pinions  of  8;  the  sum  of  these  is  134; 
the  difference  is  174,  being  the  number  of  teeth  more  in  the  one  clock 
than  in  the  other,  and  which  is  greater  than  the  number  of  the  teeth 
in  the  three-wheeled  clock  taken  altogether. 

W e shall  now  proceed  to  give  a short  account  of  such  watch  escape- 
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merits  as  have  been  thought  worthy  of  notice,  from  the  ancient  crown 
wheel  and  verge  one,  to  the  modern  free  or  detached  escapement;  but 
in  order  that  the  reader  may  be  able  to  follow  our  descriptions,  we 
have  given  from  Berthoud  a view  of  an  assemblage  of  wheels  and 
pinions,  to  represent  something  like  the  movement  of  a watch  or  small 
time-piece.  They  are  contained  in  a frame  made  for  the  purpose  of 
allowing  them  to  be  more  readily  seen.  D E,  Plate  VIII.  No.  43. 
is  the  pillar  plate,  or  pillar  frame  plate;  Gr  F,  the  fore  plate  of  the 
frame;  A,  is  the  balance;  the  arbor  or  axis  on  which  it  is  fixed,  is 
the  verge,  whose  two  pallets  p p,  escape  with  the  teeth  of  the  crown 
wheel  0.  The  pivots  of  the  balance  turn  or  run  in  the  frame;  those 
of  the  crown  wheel  0,  and  of  its  pinion  d , run  in  the  potence  I,  and 
in  the  counter  potence  H,  both  of  which  are  screwed  on  the  inside  of 
the  pillar  plate,  the  arbor  of  the  pinion  d being  at  right  angles  to 
the  axis  of  the  balance.  The  contrate  wheel  K,  and  its  pinion  c, 
turn  also  in  the  frame ; the  teeth  of  the  contrate  wheel  pitch  into  the 
balance  (or  crown)  wheel  pinion,  and  can  turn  or  drive  it;  the  third 
wheel  L,  and  its  pinion  b,  run  in  the  frame;  the  teeth  of  the  third 
wheel  pitch  into  the  contrate  wheel  pinion  and  turn  it.  The  centre 
or  second  wheel  M,  and  its  pinion  a , have  a long  arbor  going  beyond 
the  outside  of  the  dial  R S.  The  second  wheel  M pitches  with  the 
third  wheel  pinion  b , which  it  likewise  can  turn.  N is  the  first  or 
great  wheel  pitching  with  the  second  wheel  pinion  a;  X is  the  rat- 
chet, m the  click,  and  n its  spring,  On  the  arbor  of  the  great  wheel 
the  ratchet  is  fixed,  and  in  winding  up  the  main-spring,  the  ratchet 
and  arbor  turn  freely  in  the  hole  at  the  centre  of  the  great  wheel 
which  keeps  its  place  during  the  time  of  winding.  0 P is  the 
main-spring  deprived  of  its  barrel,  the  inner  end  of  it  hooks  on  to 
the  lower  part  of  the  great  wheel  arbor,  and  the  outer  end  is  hooked 
to  the  barrel,  but  is  here  fixed  to  a temporary  stud.  The  force  of 
the  main-spring,  after  being  wound  up,  sets  all  the  wheels  and  pi- 
nions in  motion,  and  would  oblige  the  ratchet  and  arbor  to  turn 
round  independent  of  the  great  wheel ; by  this  the  main-spring  would 
be  instantly  unbent,  but  is  prevented  from  this  by  the  click  m being 
forced  by  its  spring  n to  fall  into  the  teeth  of  the  ratchet,  applying 
its  end  to  the  face  of  the  ratchet  teeth:  by  this  means  the  main 
spring  must  unbend  itself  very  slowly,  the  motion  of  the  wheels  being 
checked  by  the  escaping  of  the  verge  with  the  crown-wheel  teeth. 
Q is  the  canon  pinion,  put  spring  tight  on  the  arbor  of  the  second 
wheel,' whose  socket  or  canon  goes  outside  or  beyond  the  dial,  where 
it  is  squared  for  the  purpose  of  the  minute-hand  being  put  on  it.  T 
is  the  minute  wheel,  g its  pinion;  the  canon  pinion  pitches  into  or 
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leads  the  minute  wheel;  the  hour  wheel  V,  having  a hollow  arbor 
or  socket,  t , is  put  on  the  canon  pinion,  and  is  led  by  the  minute 
pinion,  which  pitches  into  its  teeth.  It  is  on  the  socket  of  the  hour 
wheel,  which  comes  a little  above  the  dial,  that  the  hour-hand  is  put. 
When  a wheel  pitches  with  a pinion,  and  turns  it,  the  pinion,  is  said 
to  be  driven  by  the  wheel;  if  the  pinion  turns  the  wheel,  the  wheel 
is  then  said  to  be  led  by  the  pinion.  No  pendulum  or  balance  spring- 
being  at  the  movement,  (No.  43.)  yet  we  may  suppose  one  to  be  so, 
having  its  inner  end  fixed  to  a collet,  which  goes  spring  tight  on  the 
axis  of  the  balance;  the  outer  end  is  fixed  or  pinned  into  a stud  fixed 
on  the  inside  of  the  fore-plate.  In  the  action  of  the  crown  wheel  teeth 
on  the  pallets,  the  balance  spring  is  either  bent  up  or  unbending;  it 
is  by  the  small  force  of  it  that  the  balance  is  made  to  give  twice  the 
number  of  vibrations  in  a given  time  than  it  would  give  without  it. 
It  should  have  been  observed,  that  by  putting  a key  on  the  square  of 
the  canon  pinion,  and  turning  it  about,  this  will  not  only  move  the 
minute  hand  round,  but  will  oblige  the  hour  hand  to  follow  slowly,  in 
the  ratio  of  one  turn  to  twelve  of  the  minute  hand. 

The  first  watches  may  readily  be  supposed  to  have  been  of  rude 
execution.  Having  no  pendulum  spring,  and  only  an  hour  hand, 
and  being  wound  up  twice  a day,  they  could  not  be  expected  to  keep 
time  nearer  than  15  or  20  minutes  in  the  twelve  hours.  After  the 
application  of  the  pendulum  spring,  they  would,  no  doubt,  go  con- 
siderably better,  and  may  now  be  made  to  keep  time  sufficiently 
correct  for  the  ordinary  purposes  of  life.  Indeed,  when  the  crown 
wheel  and  verge  escapement  is  executed  with  care,  it  will  do  uncom- 
monly well.  Let  the  angle  of  the  verge  be  95  degrees  or  upwards,  the 
teeth  of  the  crown  wheel  undercut  to  an  angle  of  28  or  30  degrees, 
and  escaped  as  near  to  the  body  of  the  verge  as  just  to  be  clear  of  it; 
(it  is  to  be  understood  here  that  the  verge  holes  are  jewelled.)  To 
carry  the  matter  still  farther,  the  body  may  so  far  be  taken  away  as 
to  admit  the  teeth  near  to  the  centre,  which  will  tend  to  allow  the 
vibrations  of  the  balance  to  move  more  freely  and  independently; 
but  this  requires  such  nice  execution  here , and  in  other  parts  of  the 
escapement , that,  from  not  having  encouragement,  few  are  fit  to  exe- 
cute it,  and  therefore  it  may  in  general  be  safer  not  to  bring  the  wheel 
teeth  so  near  to  the  body  of  the  verge.  Care  must  also  be  taken  to 
have  the  balance  of  a proper  diameter  and  weight,  which  has  of  late 
been  much  neglected,  since  the  old  fashion  of  half-timeing  has  been 
left  off ; that  is,  making  the  watch  go  without  the  pendulum  spring, 
— if  it  goes  slow,  30,  32,  or  33  minutes  in  an  hour,  the  balance  may 
be  considered  of  such  a weight,  as  to  be  in  no  danger  of  knocking  on 
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the  banking,  from  any  external  motion  the  watch  may  meet  with  in 
fair  wearing.  When  the  pallets  of  the  verge  are  banked  on  pins  in 
the  potence,  they  should,  to  prevent  straining,  both  bank  at  the  same 
time,  alternately  the  face  of  one  pallet  on  a pin,  when  the  back  of  the 
other  is  on  its  pin,  or  the  banking  may  be  done  in  the  rim  of  the 
balance,  but  not  near  the  edge  of  it.  Which  of  the  two  is  preferable, 
we  shall  not  stop  to  determine. 

The  verge  watch,  as  has  been  already  said,  will  perform  extremely 
well.  About  40  years  ago  nearly,  we  had  some  of  them  made  up  in 
such  a way,  that  they  went  fully  as  well  as  any  horizontal  escapement, 
and  for  a longer  time, — this  last  requiring  oil  to  the  cylinder  after  go- 
ing ten  or  twelve  months.  Oil,  however,  should  never  be  allowed  to 
come  near  the  wheel  teeth  or  pallets  of  a verge.  Verge  or  contrate 
wheel  watches  have,  of  late  years,  been  very  much  overlooked  and 
neglected  in  many  respects,  and  in  none  more  so  than  in  the  relative 
position  of  the  balance  wheel  and  contrate  wheel  arbors.  They  are 
rarely  seen,  but  at  a considerable  distance  from  one  another,  which 
gives  a very  oblique  direction  in  the  pitching  of  the  contrate  wheel 
with  the  balance  wheel  pinion.  It  is  well  known,  that  where  force  is 
indirectly  or  obliquely  applied,  it  will  work  under  great  disadvantage. 
These  arbors  ought  to  be  placed  as  near  to  each  other  as  can  be.  In 
order  to  obtain  this,  reduce  the  balance  wheel  pinion  arbor  towards 
the  end  to  the  smallest  size  it  will  hear ; and,  turning  a hollow  out 
of  that  of  the  contrate  wheel  arbor,  this  will  allow  them  to  come  very 
near  the  line  of  their  centres.  To  get  this  pitching  to  the  greatest  ad- 
vantage, some  place  their  counter-potence  within  the  rim,  and  near  the 
arbor  of  the  contrate  wheel,  so  as  to  have  the  line  of  the  balance-wheel 
pinion  direct  to  the  centre  of  the  contrate  wheel , as  may  be  seen  in 
Plate  VIII.  No.  43. 

It  has  been  recommended  by  a very  celebrated  artist,  that  the 
movement  wheels  should  be  placed  in  such  a manner  as  to  act  at 
equal  distances  from  the  pivots  of  those  pinions  which  they  drive,  in 
order  to  divide  the  pressure  or  action  of  the  wheel  between  the  pivots, 
and  that  one  pivot  should  not  bear  more  than  the  other.  This  is  ap- 
parently sound  reasoning;  but,  having  put  it  in  execution,  the  pivots 
unexpectedly  seemed  to  wear  very  fast,  even  more  so  than  in  the 
common  barred  movement, — the  pivots,  it  is  true,  were  small,  and 
the  motive  force  rather  great.  It  is  to  be  wished  that  a further  trial 
should  be  made,  to  bring  it  completely  to  the  test.  No  pivots  have 
been  found  to  stand  so  well  as  those  in  movements  of  the  double  bar- 
red sort. 

A pendulum  spring  collet,  made  as  it  ought  to  be,  is  as  seldom  to 
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be  met  with,  as  that  which  we  have  noticed  regarding  the  positions 
of  the  contrate  and  balance  wheel  arbors.  Yet,  simple  as  the  thing 
is,  it  seems  to  require  a rule  to  show  how  it  should  he  done , there 
appearing  to  be  no  such  rule  at  present,  if  we  may  judge  by  the 
greater  part  of  those  which  have  hitherto  been  made.  The  ring  of 
the  collet  should  be  no  broader  than  to  allow  a hole  to  receive  the 
pendulum  spring  and  pin  which  fixes  it.  The  slit  made  in  the  collet, 
for  the  purpose  of  its  being  always  spring  tight  on  the  outside  taper 
of  a cylinder,  or  verge  collet,  tapered  a little  inwards,  should  be  put 
close  to  where  the  small  end  of  the  pin  comes,  when  the  spring  is 
pinned  fast  in.  The  pendulum  spring  in  this  case  will  have  the 
first  or  inner  coil  at  such  a distance  as  to  allow  the  point  of  a small 
screw-driver  to  get  into  the  slit,  without  any  danger  to  the  spring, 
when  it  is  wanted  to  set  the  collet  and  spring  to  any  required  place. 
If  the  slit  is  put  at  the  other  end  of  the  pin,  where  it  is  oftener  than 
any  where  else,  it  is  evident  that  the  workman  cannot  get  into  it 
without  danger  to  the  spring.  The  outer  end  of  the  pendulum  spring 
out  to  be  pinned  or  fixed  into  a brass  cock  or  stud;  in  performing 
this  operation,  it  goes  easily  on,  whereas,  with  steel  cocks  or  studs, 
there  is  a crossness  or  trouble,  which  shows  that  they  should  never 
be  used,  independent  of  other  reasons  that  might  be  urged.  These 
studs  and  cocks  are  in  general  very  improperly  placed,  being  put 
at  a greater  distance  from  the  curb  pins  than  is  requisite.  We  have 
seen  this  distance  so  great,  that  the  motion  of  the  pendulum  spring 
between  the  stud  and  the  pins  was  such,  as  to  take  away  a part  from 
every  vibration  of  the  balance;  which  is  something  like  a pendulum 
when  suspended  to  a vibratory  or  ill  fixed  cock,  where  it  would  not 
be  allowed  to  have  half  the  motion  it  would  have  otherwise  ac- 
quired. 

A few  years  ago,  our  modern  improvers  would  have  the  joint  trans- 
ferred from  the  pillar-plate  to  the  brass  edge;  nothing  worse  could 
have  been  proposed.  In  the  old  way,  the  whole  of  the  movement 
was  kept  in  its  place,  by  the  united  assistance  of  the  joint,  and  of 
the  bolt  and  its  spring;  whereas,  in  the  other  way,  the  movement 
has  its  sole  dependence  on  the  pins  of  the  brass  edge  feet,  from  which 
it  frequently  would  be  disengaged,  by  violent  exercise  on  horse- 
back, &c. 

From  what  has  been  said  of  the  imperfections  in  watches,  it  may 
be  seen,  that  they  inevitably  arise  from  the  want  of  that  energy  of 
mind  in  workmen,  of  which  not  one  in  a hundred  is  possessed.  Can 
it  then  be  supposed  that  every  new  watch  which  is  purchased  is  com- 
plete and  requires  no  assistance?  Whoever  thinks  so,  must,  and 
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will  be  disappointed.  On  finding  it  not  go  as  they  expected,  bring 
it  to  some  watch-maker  or  other,  many  of  whom  cannot  put  it  in  a 
better  state  than  that  in  which  the  workman  or  finisher  gave  it  as 
complete.  But  it  is  brought  to  him,  not  with  the  view  of  having 
any  thing  done  to  it,  as  it  is  supposed  to  require  nothing , but  merely 
to  see  what  is  the  matter  with  it,  never  considering  that  any 
irregular  going,  or  stopping,  must  imply  some  fault  or  other,  and  is 
the  very  cause  that  brings  them  to  the  watch-maker.  It  does  not 
follow,  however,  from  this,  that  every  watch  which  stops  is  badly  exe- 
cuted; this  will  happen  sometimes  with  those  of  the  very  best  exe- 
cution, and  frequently  from  an  oner-nicety  of  the  finisher.  On  the 
watch  being  left,  he  (the  watch-maker)  takes  it  down,  examines  it, 
and  reports  accordingly  what  is  necessary  to  make  it  keep  time.  The 
owner,  on  being  told  afterwards,  that  it  will  cost  so  much  to  make  it 
do  what  is  required,  frequently  and  strongly  suspects,  though  he  may 
be  polite  enough  not  to  say  so,  that  there  must  be  some  imposition 
on  the  part  of  the  watch-maker.  Much  is  the  trouble  many  watch- 
makers have  of  rectifying  the  faults  of  work  given  in,  and  large  sums 
paid  for  such  alteration  of  work  thought  originally  to  have  been  com- 
plete. We  have  known  four  guineas  paid  to  a workman  for  doing 
a particular  branch:  and  it  not  being  executed  to  the  satisfaction 
of  the  watch-maker,  he  has  given  half  as  much  more  to  another  to 
have  it  corrected.  There  are  as  few  who  excel  in  this  art,  as  in  those 
of  sculpture,  painting,  and  engraving,  which  are  called  the  fine  arts, 
— a name  to  which  watch-making,  in  every  sense  of  the  word,  is 
equally  entitled,  but  which  labours  under  the  great  misfortune  in  not 
being  properly  seen,  that  few  or  none  are  enabled  to  appreciate  the 
merits  even  of  the  finest  executed  piece.  This  will  ultimately  sink 
the  profession  to  nothing,  which,  we  are  afraid,  it  is  daily  doing,  and 
so  much  so,  that  no  young  man  can  now  be  found  to  go  to  it  who 
has  got  the  smallest  degree  of  education,  or  of  ingenuity;  and  when 
the  provincial  towns  decline  to  give  their  quota  in  this  way,  the  ca- 
pitals will  not  be  able  to  support  the  character  that  such  a profession 
requires,  from  want  of  a supply  of  hands. 

The  old  escapement,  even  after  the  application  of  the  pendulum, 
and  of  the  pendulum  spring,  not  giving  that  satisfaction  which  was 
required  or  expected,  induced  both  Hooke  and  Huyghens  to  think  of 
other  means  of  improving  it,  or  to  substitute  a superior  mechanism  in 
its  place.  In  this  pursuit  the  mechanical  talents  of  Hooke  stood  con- 
spicuously eminent  over  those  of  the  justly  celebrated  Huyghens. 
Some  of  the  movements  of  Huyghens’  watches,  or  time-keepers,  were 
much  larger  than  those  of  our  box  chronometers.  The  contrate  wheel 
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was  cut  into  teeth  of  the  same  form  as  those  of  the  common  crown 
wheel,  and  made  to  escape  with  a verge  of  the  usual  kind.  On  the 
axis  of  this  verge  was  a sort  of  contrate  or  crown  wheel,  having  teeth 
like  the  ordinary  contrate  wheel,  which  drove  a pinion  fixed  on  the 
axis  of  the  balance.  The  verge,  when  escaping  with  its  wheel,  caused 
the  balance  to  make  several  revolutions  from  every  impulse  on  the 
pallets ; some  of  them  had  no  pendulum  spring,  having  been  made 
perhaps  before  its  application.  When  the  balance  made  several  re- 
volutions in  every  vibration,  each  being  two  seconds,  this  escapement 
would  be  but  ill  suited  for  the  coils  of  a pendulum  spring.  Those 
having  the  pendulum  spring  appeared  about  1675.  This  was  the 
origin  of  the  half-timeing  which  we  have  alluded  to,  upon  seeing,  that 
when  the  pendulum  spring  was  applied,  it  made  the  balance  give  two 
vibrations  in  the  same  time  that  it  gave  one  without  it ; a particular 
reference  to  Plate  VIII.  No.  41.  may  tend  to  show  the  action  of  this 
mechanism  still  better  than  what  has  been  given  or  said  of  it.  In 
the  frame  A B is  contained  the  contrate  wheel  E E,  whose  teeth, 
in  place  of  being  of  the  ordinary  form,  are  like  the  common  crown 
wheel  teeth,  and  escape  with  the  pallets  on  the  verge  f e ; on  it 
is  ri vetted  an  ordinary  contrate  wheel  D D,  whose  teeth  pitch  in 
with  the  pinion  d c ; the  pinion  being  the  axis  of  the  balance  C 0, 
kept  in  its  place  by  a cock  of  the  usual  kind,  the  foot  pivot  turning 
in  the  lower  frame  plate ; a a represents  the  pendulum  spring  as 
seen  edgewise. 

About  the  same  period,  Dr  Hooke  brought  into  notice  his  watch 
with  a new  escapement,  which,  for  seventeen  years  before,  he  had 
been  privately  endeavouring  to  improve.  This  was  very  different 
from  the  old  crown  wheel  one,  and  as  much  so  from  that  of  Huyghens\ 
It  had  two  balances,  on  the  axis  of  each  was  a toothed  wheel  pitch- 
ing into  one  another ; the  verge  or  axis  of  these  balances  had  each  a 
pallet  on  it : the  balance  wheel  was  flat,  having  a few  ratchet  or  saw- 
like teeth ; its  arbor  ran  within  the  frame,  parallel  to  those  of  the  ba- 
lances, at  a point  equally  distant  from  their  centres  ; the  three  points 
forming  as  it  were  the  angels  of  an  equilateral  triangle.  When  a 
tooth  of  the  balance  wheel  gave  impulse  on  one  pallet,  the  other,  by 
the  pitching  of  the  two  wheels,  was  brought  about  to  meet  another 
tooth,  after  the  wheel  had  escaped  from  the  pallet  on  the  opposite 
side , in  order  to  receive  impulse  in  its  turn.  There  was  a pendulum 
spring  on  one  of  the  balances,  and  the  object  of  their  being  pitched 
together  was  to  prevent  the  effect  of  external  motion  on  them,  while 
it  served  the  double  purpose  of  bringing  alternately  about  the  pal- 
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lets,  and  still  gave  some  little  recoil  to  the  wheels  by  the  reaction  of 
the  balances.  Although  this  was  a very  ingenious  contrivance 
for  an  escapement,  yet  it  appears  not  to  have  given  that  satisfaction 
which  was  expected,  probably  from  indifferent  execution , as , from 
Sully  s account , was  the  case , and  the  old  one  was  again  resumed. 
However,  some  years  afterwards,  other  artists,  among  whom  was 
Dutertre , were  attracted  by  this  escapement  of  Dr  Hooke’s,  and 
were  led  from  time  to  time  to  make  improvements  on  it.  From  it, 
originated  the  duplex  escapement,  which  has  of  late  years  been  so 
much  in  repute.  A large  old  German  clock  had  an  escapement  on  the 
same  principle  as  the  above,  of  which  the  maker’s  name  is  unknown  ; 
see  Thiout,  tom.  I.  p.  110.  and  Plate  XLIII.  Fig.  31.  Dr  Hooke’s 
claim  to  his  own  escapement  remains  however  undisputed. 

The  famous  Tompion  (who  was  upwards  of  sixty  years  in  business, 
as  a watch-maker,  in  London,  and  who,  by  his  labours,  contributed 
greatly  to  the  reputation  that  the  art  had  acquired  in  England)  made 
an  escapement  about  1695,  and  flattered  himself  by  its  succeeding  as  an 
improvement.  The  verge,  or  axis  of  the  balance,  was  a small  solid 
steel  cylinder,  cut  across  at  the  middle,  and  nearly  half  way  down; 
in  the  longitudinal  direction  of  the  cylinder,  a deep  angular  notch 
was  made,  forming  a sort  of  pallet  on  the  left  hand  side ; the 
balance  wheel  was  flat,  and  much  like  Dr  Hooke’s,  the  spaces 
between  the  teeth  sufficiently  wide  to  allow  the  cylinder  to  turn  freely 
between  them.  When  a tooth  of  the  wheel  had  impelled  the  pallet, 
on  escaping  from  it,  the  following  tooth  dropped  on  the  outside  of  the 
cylinder  near  the  right  edge,  resting  on  the  cylinder  during  this  vi- 
bration of  the  balance ; after  passing  the  right  edge,  and  meeting  a 
little  recoil,  it  got  again  on  the  pallet  and  gave  a new  impulse,  which 
took  place  only  at  every  second  vibration.  An  excellent  property  was 
observed  in  this  escapement,  that  any  inequalities  in  the  motive  force 
made  no  deviation  in  its  time-keeping ; but  the  friction  of  the  ba- 
lance-wheel teeth  on  the  cylinder  and  its  edges,  was  so  great  and  de- 
structive, that  it  was  given  up  in  consequence. 

Knowing  what  Tompion  had  been  doing,  being  bred  under  him> 
Graham,  a good  many  years  after,  set  to  work  with  the  cylinder 
escapement,  and  ultimately  succeeded.  Although  this  escapement  is 
now  pretty  generally  known,  yet  we  may  be  allowed  to  give  an  ac- 
count of  what  he  did.  In  place  of  Tompion’s  solid  cylinder,  he 
made  a hollow  one,  see  Plate  III.  No.  18.:  On  the  points  of  Tom- 
pion’s wheel  teeth  were  raised  something  like  small  pins  or  stems,  on 
the  tops  of  which  a sort  of  inclined  or  wedge-like  teeth  were  formed, 


CYLINDER  ESCAPEMENT. 


227 


of  such  a length  as  to  have  a very  little  freedom  when  in  the  inside  of 
the  cylinder,  and  the  outside  of  the  cylinder  to  have  the  same  free- 
dom between  the  point  of  one  tooth  and  the  heel  of  the  other.  A 
notch  or  opening  was  made  across  the  cylinder  not  quite  half  way 
down  the  diameter;  the  edges  of  the  cylinder  made  by  this  opening, 
were  dressed  so  that  the  curved  edge  of  the  tooth  might  operate  easily 
on  them;  the  left  hand  edge  was  flanched  outward,  the  right  hand 
rounded;  when  the  balance  was  at  rest,  and  the  wheel  in  its  place  to 
escape,  the  point  of  the  tooth  got  then  just  in  on  the  cylinder  edges 
and  no  more;  a second  notch  was  made  below  the  other,  to  allow  the 
bottom  of  the  wheel  to  pass,  leaving  hardly  a fourth  of  the  circum- 
ference of  the  cylinder,  the  other  leaving  more  than  a semicircle. 
The  highest  part  of  the  wedge  or  curved  teeth  being  in  a circle, 
greater  or  beyond  that  on  which  the  point  was,  it  is  evident,  that  if 
the  wheel  is  urged  forward,  it  will  make  the  cylinder  to  turn,  and 
the  angle  of  escapement  will  be  according  to  the  height  of  the  wedge : 
when  a tooth  of  the  wheel  escapes  from  the  right  hand  edge  of  the  cy- 
linder, the  point  of  it  falls  into  the  inside ; after  reposing  there,  it  then 
passes  and  impels  the  left  hand  edge;  on  escaping  it,  the  point  of 
the  succeeding  tooth  drops  on  the  outside  of  the  cylinder  where  it 
reposes;  on  the  return  of  the  balance,  it  gets  on  the  right  hand  edge, 
giving  a new  impulse,  and  so  on ; the  teeth  impel  on  both  edges  of 
the  cylinder,  giving,  by  each,  a vibration  to  the  balance.  See  Plate 
III.  No.  ]8.  B is  the  balance,  A the  cylinder,  1,  2,  its  pivots,  F 
the  cylinder  or  balance-wheel  pinion,  the  curved  part  of  the  wheel 
teeth  are  particularly  marked  at  a,  b , and  c. 

This  escapement  being  the  best  of  any  that  had  preceded  it,  De- 
baufres  'perhaps  excepted , procured  for  Graham’s  watches  a very 
considerable  reputation,  as  their  performance  was  much  superior  to 
that  of  the  old  construction.  However,  on  comparing  the  going  of 
some  of  Graham’s  with  those  of  a later  date,  we  confess  that  none  of 
his,  though  excellent,  were  ever  equal  to  them  in  performance.  The 
cylinders  were  rather  large  in  diameter,  the  balances  too  light,  the  mo- 
tive force  too  weak,  and  he  had  great  difficulty  in  obtaining  good 
pendulum  spring-wire,  meeting  sometimes  with  iron  where  he  expect- 
ed steel-wire.  Watches  having  the  cylinder  escapement  were  not 
known  in  France  till  1728,  when  Julien  Le  Roy  commissioned  one 
of  them  from  Graham : They  were  losing  their  character  here  some- 
time before  the  introduction  of  the  duplex,  which  contributed  after- 
wards still  more  to  lessen  their  value:  the  duplex  will,  in  its  turn, 
be  supplanted,  for  reasons  which  will  be  afterwards  noticed.  Flat 
movements,  shallow  balance  wheels,  steel  and  brass  of  bad  quality, 
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(from  the  difficulty  of  getting  them  good,)  injudicious  execution,  and 
low  prices,  must  have  tended  to  make  the  cylinder  escapement  so  bad 
as  they  have  been  of  late;  many  of  the  cylinders  were  destroyed  and 
cut  to  pieces  in  a few  years,  and  some  of  them  could  not  last  so  long. 
Let  these  be  compared  with  the  cylinder  escapements  of  old  Hull , a 
cylinder  escapement-maker  in  London , many  of  which  we  have  seen, 
after  having  been  in  use  thirty  years  and  upwards,  with  little  or  no 
impression  even  on  their  edges.  In  what  did  Hull’s  art  consist? 
There  must  have  been  some  causes  for  it,  but  what  these  are  we  shall 
not  attempt  to  conjecture.  Like  Graham,  with  whom  he  was  in- 
structed, Hull  soldered  in  the  plugs  of  his  cylinders  with  silver  solder, 
which  caused  a very  tedious  process  in  the  course  of  finishing  the  cy- 
linder ; but  this  is  not  offered  as  any  reason,  or  the  cause  of  his  ex- 
celling in  the  art  of  cylinder  escapement  making.  The  acting  edges 
of  the  teeth  have  hitherto  been  made  too  thin,  particularly  for  steel 
cylinders , with  the  view  of  lessening  the  friction ; but  this  was  evi- 
dently going  on  an  erroneous  principle.  The  friction  was  increased 
by  the  rapid  cutting  of  the  cylinder,  and  was  worse  than  if  the  teeth 
had  had  thicker  working  edges,  which  would  have  made  the  friction 
more  constant,  and,  of  course,  less  liable  to  cut  the  cylinder. 

When  the  vibrations  of  the  balance  are  at  the  lowest  point,  the 
resistance  of  the  pendulum  spring  is  at  the  least;  but  the  more  it  is 
bent  or  unbent,  the  greater  is  the  resistance;  consequently,  when 
at  the  height  of  the  wedge  or  tooth,  it  is  greater  than  when  the  tooth 
first  begins  to  act.  Two  or  three  different  curves  for  this  purpose 
have  been  imagined;  one  approaching  nearly  to  a right  line,  which 
is  supposed  to  give  the  wheel  time  to  acquire  a velocity  during  the 
passing  of  two-thirds  of  the  curve  and  the  least  resistance  of  the 
spring,  by  which  the  other  third  is  more  readily  overcome,  when  the 
resistance  to  it  is  greatest.  This  has  been  thought  to  give  a greater 
extent  to  the  arc  of  vibration,  and  has  been  adopted  by  the  French 
artists.  Another  curve,  where  equal  spaces  make  the  balance  de- 
scribe equal  portions  of  a circle,  is  thought  to  give  the  least  wearing 
to  the  edges  of  the  cylinder,  and  is  that  which  is  practised  by  our 
escapement  makers.  Arguments  equally  good  for  either,  as  it  thus 
appears,  might  be  given. 

The  weight  and  diameter  of  the  balance,  are  circumstances  very 
materially  connected  with  the  wearing  of  the  cylinder  edges.  What- 
ever will  prevent  this  wearing,  should  be  carefully  attended  to.  When 
the  diameter  is  large,  the  balance  must  of  consequence  be  less  heavy; 
a sort  of  sluggishness  in  its  motion  takes  place,  the  pendulum  spring 
making  great  resistance  to  the  teeth  passing  the  cylinder  edges,  and 
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causing  rapid  wearing.  On  the  contrary,  when  the  diameter  is  small, 
and  the  weight  at  a proper  medium,  there  is  an  alertness  in  the  vi- 
bration; the  momentum  of  the  balance  has  such  force  over  the  pen- 
dulum spring,  that  it  allows  the  teeth  to  pass  the  edges  quickly,  and 
hence  there  is  a less  tendency  to  wear  them.  The  diameter  of  the 
balance  should  be  less  than  in  a verge  watch  of  equal  size,  and  it 
should  be  no  heavier  than  just  to  prevent  setting,  unless  where  a 
going  in  time  of  winding  is  used.  The  cylinder  escapement,  on  the 
whole,  must  be  allowed  to  be  a very  excellent  one;  and  where  care  is 
taken  to  have  it  made  as  it  ought  to  be,  such  watches  will  give  very 
good  performance.  Provision  for  oil  on  the  cylinder  should  be  made 
as  ample  as  can  be  admitted;  that  is,  the  part  where  the  tooth  acts 
should  be  as  distant  from  the  notch  where  the  wheel  bottom  passes  as 
possible,  and,  at  the  same  time,  more  distant  from  the  upper  copper 
plug;  the  lower  notch  should  not  be  longer  than  to  give  freedom  for 
the  wheel  bottom  to  pass  easily.  When  they  are  made  long,  as  they  fre- 
quently are,  the  cylinder  will  readily  break  there,  if  the  watch  receives 
any  slight  shock  from  falling.  The  acting  part  of  the  tooth,  as  has 
already  been  noticed,  should  not  be  too  thin,  nor  the  stems  too  short. 
If  the  diameter  of  the  balance  is  too  great,  any  addition  of  motive 
force  will  make  the  watch  go  slow;  if  too  little,  the  watch  will 
go  fast;  and  if,  of  a proper  weight  and  diameter,  any  addition  of  mo- 
tive force  will  make  little  or  no  change  on  the  time-keeping,  whether 
the  watch  is  hanging  or  lying:  we  have  made  the  motive  force  more 
than  double,  and  no  change  took  place;  the  isochronism  of  the  pen- 
dulum spring  no  doubt  had  its  share  in  keeping  up  this  uniformity. 
Balances,  whose  diameters  are  rather  small,  will  have  a natural  ten- 
dency to  cross  farther;  that  is,  the  arcs  of  vibration  will  be  greater 
than  where  the  diameters  are  great.  Their  weight  will  be  in  the  in- 
verse ratio  of  the  squares  of  their  diameters;  from  which  it  follows, 
that  if  the  balance  is  taken  away  from  a watch  which  has  been  regu- 
lated, and  another  put  in  its  place,  having  the  diameter  only  one- 
half  of  the  former;  before  the  watch  could  be  regulated  with  the  same 
pendulum  spring,  the  balance  would  require  to  be  four  times  heavier 
than  the  first.  One  way  of  estimating  the  force  of  a body  in  motion, 
is  to  multiply  the  mass  by  the  velocity.  Let  us  then  calculate  the 
respective  forces  of  two  balances,  whose  diameters  are  to  one  another 
as  two  to  four.  The  radii  in  this  case  express  the  velocity.  Accord- 
ing to  this  principle,  we  shall  have,  for  the  small  balance,  two  for  the 
radius  multiplied  by  eight  of  the  mass,  equal  to  sixteen ; and  for  the 
great  one,  four  of  the  radius  by  two  of  the  mass,  equal  to  eight;  six- 
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teen  and  eight  are  then  the  products  of  the  masses  by  the  velocities ; 
consequently  they  express  the  force  at  the  centre  of  percussion  of  each 
balance:  and  as  it  is  double  in  the  small  one,  it  is  evident  that  the 
arcs  of  vibration  will  be  greater,  having  the  faculty  of  overcoming 
easily  any  resistance  opposed  to  it  by  the  pendulum  spring,  without 
requiring  any  additional  motive  force. 

Let  us  take  an  example  done  in  another  way : — Which  is  the  square 
of  the  product  of  the  diameter,  multiplied  by  the  velocity  or  number 
of  degrees  in  the  vibration,  and  this  again  multiplied  by  the  mass  or 
weight,  so  as  to  compare  the  relative  momentum  of  two  balances  of 
different  diameters,  &c.?  Suppose  one  balance  to  be  .8  of  an  inch  in 
diameter,  the  degrees  of  vibration  240,  and  the  weight  8 grains;  the 
other  .7  of  an  inch  in  diameter,  the  arc  of  vibration  280°,  and  the 
weight  10  grains. 

240  x .8  = 192  x 192  = 36864  x 8 = 294912 

280  x .7  = 196  X 196  = 38416  x 10  = 384160. 

The  balance  having  the  smaller  diameter,  has  its  momentum  to  that 
of  the  greater,  as  384160  is  to  294912,  or  in  smaller  numbers,  as  99 
is  to  76  very  nearly.  When  the  arcs  of  vibration  are  great,  the 
nearer  to  isochronism  will  the  long  and  short  ones  be. 

If  the  balance  of  a watch  has  its  arms  and  centre  part  rather  a 

little  heavy  as  otherwise,  and  these  be  made  less  so,  the  watch  by  this 

will  be  found  to  go  slower  than  it  did  before,  owing  to  the  effect  of 
the  increased  momentum  of  the  balance.  This  unusual,  perhaps 
hitherto  untried  and  wry  delicate  experiment,  we  made  once  or 
twice,  and  the  result  was  that  which  has  now  been  stated.  The  mo- 
mentum of  a watch  balance  should  be  as  nearly  in  one  point  of  the 
rim  as  possible,  and  is  somewhat  analogous  to  that  which  is  required 
in  the  ball  of  a clock  pendulum. 

Berthoud,  in  his  JEssai,  &c.  insists  much  on  the  advantage  of  light 
balances,  great  diameters,  and  quick  vibrations;  principles,  however 
well  dressed  up  as  a theory,  will  be  found  not  to  agree  with  sound 
practice  and  a little  experience.  M.  Jodin,  a very  ingenious  watch- 
maker, contemporary  with  Berthoud,  in  Paris,  knowing  what  Ber- 
thoud had  advanced  on  this  subject  in  his  Essai,  took  an  opportu- 
nity of  putting  him  to  rights,  by  using  such  arguments  as  ought  in 
our  humble  opinion  to  have  convinced  him;  but  in  this  interview 
Jodin  s endeavours  were  to  no  purpose.  Berthoud,  indeed,  seems 
not  to  have  acted  in  conformity  with  the  principles  he  wished  to  es- 
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tablish,  if  we  may  judge  by  what  he  did,  seeing  that  he  made  the 
trains  of  his  marine  time-keepers  in  such  various  numbers,  from  that 
of  giving  one  vibration  in  a second  to  that  of  giving  six  in  the  same 
time;  and  the  performance  of  one  of  those  which  gave  one  vibration 
in  a second,  is  mentioned  as  having  maintained  the  best  rate  of  going 
of  all  that  he  had  made.  Mr  Cumming  got  also  into  the  system  of 
quick  trains,  but  was  obliged  at  last  to  give  it  up,  and  was  in  the  end 
put  to  a considerable  expense  in  altering  every  one  of  these  his  quick 
trained  watches,  when  he  could  lay  his  hands  on  them,  because  the 
cylinders  were  going  so  fast  to  ruin,  that  the  watches  gave  no  satis- 
faction. 

It  may  be  found  very  convenient,  and  sometimes  of  great  utility, 
for  the  practical  artist  to  have  a little  knowledge  in  the  theory  of  the 
relative  force  of  balances,  according  to  their  diameter,  weight,  and 
the  number  of  vibrations  given  in  a minute.  An  instance  shall  be 
given  that  tends  in  some  degree  to  show  this: — A small  eight-day 
spring  time-piece,  of  a size  somewhat  less  than  that  of  common  spring 
clocks,  which  had  a balance  and  a detached  escapement;  the  train 
was  rather  slow,  being  5400,  but  with  such  a train  the  force  of  the 
main-spring  had  so  much  power  over  the  balance,  as  to  make  the 
vibrations  at  times  go  so  far  as  to  unlock  the  detent  a second  time  in 
the  course  of  one  and  the  same  excursion;  the  vibration  being  thus 
carried  to  such  an  extreme,  and  when  nearly  at  the  end  of  it;  al- 
though a tooth  of  the  balance  wheel  had  for  a second  time  dropped 
on  the  face  of  the  pallet,  it  had  no  force  to  impel  it  farther  on,  that 
of  the  pendulum  spring  was  greater  from  being  now  so  much  bent 
up ; on  its  unbending,  the  balance  was  made  to  return  a very  little 
way  back,  which  brought  the  circular  part  of  the  pallet  into  contact 
with  one  of  the  balance-wheel  teeth,  and  by  this  means  the  tooth  was 
now  allowed  to  pass  freely  on  the  roller  or  circular  part  of  the  pallet, 
which  had  the  effect  of  stopping  the  motion  of  the  balance,  and,  con- 
sequently, stopped  the  going  of  the  time-piece.  It  would  have  been 
a very  inconvenient  matter,  at  this  time,  as  we  shall  suppose , either 
to  have  made  the  train  quicker,  or  to  have  got  a main-spring  of  less 
force,  as  any  one  of  the  two  ways  would  have  brought  the  vibrations 
of  the  balance  within  a shorter  compass.  Now,  what  device  must  be 
fallen  on,  in  order  to  lessen  the  arc  of  vibration,  so  as  the  balance  shall 
not  go  so  far  as  to  make  a second  unlocking,  keeping  still  the  same 
train  of  wheels,  and  the  same  force  of  main-spring?  There  is  only 
one  way  to  do  this,  and  that  is  by  increasing  the  diameter  of  the  ba- 
lance, which  will  then  require  a stronger  pendulum  spring,  and  this 
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will  of  course  give  a little  more  opposition  to  the  impelling  force  of 
the  balance-wheel  teeth  on  the  face  of  the  pallet.  If  we  suppose  the 
diameter  of  the  balance  to  be  one  inch,  or,  what  is  the  same  thing, 
ten-tenths  of  an  inch,  and,  to  increase  it,  the  three  mean  time  screws 
which  were  in  the  edge  of  the  rim  of  the  balance,  being  brought  out 
so  far  as  to  make  the  diameter  one  inch  and  a quarter,  or  12.5  tenths 
of  an  inch;  by  this  alteration  the  time-piece  was  found  to  lose  an 
hour  and  a quarter  in  the  24  hours.  It  is  evident  that  a stronger 
pendulum  spring  must  then  be  applied,  before  the  balance  can  be 
made  to  vibrate  mean  time,  and  that  in  the  ratio  of  the  squares  of  the 
diameter  of  the  balances,  the  square  of  10  is  100,  and  the  square  of 
12.5  is  156.25,  the  difference  between  these  numbers  shows  that  a 
considerable  difference  will  be  required  in  the  strength  of  the  pendu- 
lum springs.  The  weight  of  the  balance,  including  the  three  mean 
time  screws,  pendulum  spring,  and  stud,  balance  arbor,  and  roller, 
was  137  grains. 

How  to  remedy  the  converse  of  the  preceding  case  should  be  very 
obvious,  and  to  many  it  will  appear  unnecessary  to  say  any  thing 
about  it.  Yet  there  may  be  some  few  who  may  not  so  readily  fall 
on  it,  and  therefore  one  example  in  this  way  shall  be  given.  Suppose 
the  balance  of  a time-piece  has  its  vibrations  so  short,  that  no  good 
performance  can  be  derived  from  it,  notwithstanding  the  movement, 
the  escapement,  the  main-spring,  &c.  are  as  correct  as  could  be  wish- 
ed. The  short  vibrations  must  then  arise  from  the  balance  being  too 
large  in  diameter,  and  from  having  too  strong  a pendulum  spring. 
Now,  if  a balance  of  the  same  weight,  or  nearly  so,  but  less  in  dia- 
meter, and  a weaker  pendulum  spring  be  applied,  this  will  allow  the 
vibrations  of  the  balance  to  be  carried  to  a greater  extent,  which  was 
all  that  was  required. 

When  a little  expense  in  the  cylinder  or  horizontal  escapement  is 
not  grudged,  a ruby  cylinder  is  certainly  a great  acquisition,  to  pre- 
vent wearing  on  the  edges.  If  it  is  wholly  of  stone,  and  not  steel 
cased,  as  is  usual,  it  will  be  so  much  the  better,  by  giving  a little 
more  scope  to  extend  the  limits  of  the  banking,  the  steel  crank  of  the 
cased  ruby  cylinder  confining  the  banking.  There  would  no  doubt  be 
a greater  risk  of  breaking  than  in  the  steel-cased  stone  cylinder;  yet 
this  might  be  considerably  lessened,  were  some  attention  paid  to  make 
the  notch,  which  frees  the  bottom  of  the  wheel,  no  longer  than  is  ne- 
cessary, as  has  been  proposed  in  the  case  of  the  steel  cylinder.  It 
would  be  desirable  to  have  the  cylinder  formed  with  the  strata  of  the 
sapphire  or  ruby,  placed  in  a vertical  position,  instead  of  a horizontal 
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one.  This  is  surely  attainable,  when  we  know  that  diamond  split- 
ters can  distinguish  the  strata  or  layers  of  the  diamond, — a stone 
which  may  be  supposed  more  compact  than  either  the  ruby  or  sap- 
phire. We  have  seen  a cylinder  wholly  of  stone,  in  a watch  belong- 
ing to  a gentleman  who  was  wearing  it  when  between  70  and  80  years 
of  age;  he  used  frequently  to  let  it  fall  without  any  accident  happen- 
ing to  the  cylinder.  Three  small  griffs,  or  cocks,  placed  on  the  po- 
tence  plate,  so  as  to  allow  the  edge  of  the  balance  to  come  into  notches 
fitted  for  it,  and  having  at  the  same  time  sufficient  freedom,  would  pre- 
vent either  the  cylinder  or  the  cock  pivot  from  breaking.  A little 
practice  should  make  the  stone  cylinder  easier  made,  and  perhaps 
cheaper,  than  even  the  steel  cased  one;  at  all  events,  even  on  equal 
terms,  it  ought  to  be  the  preferable  of  the  two.  From  what  has  already 
been  said,  it  appears,  that  the  weight  and  diameter  of  the  balance  are 
matters  that  cannot  be  said  to  be  merely  arbitrary;  for,  if  the  motive 
force  is  too  great  for  that  of  the  balance,  the  watch  will  go  fast 
when  in  the  lying  or  horizontal  position,  and  slow  when  in  the  vertical 
or  hanging  position.  By  diminishing  either  the  motive  force,  or 
making  the  balance  heavier,  the  watch  may  be  made  to  go  alike  in 
both  positions.  The  properties  of  a pendulum  spring  may  conduce 
a little  to  this.  It  is  in  some  degree  a desideratum  for  a pocket- 
watch  to  have  the  balance  pivots  and  holes  made  so,  that  the  ba- 
lance with  its  spring,  when  in  a state  by  itself,  and  free  of  any 
communication  with  the  wheels,  should  vibrate  the  same  length  of 
time,  whether  it  is  in  a vertical  or  horizontal  position.  We  know, 
when  it  is  in  the  latter,  that  it  will  continue  to  vibrate  twice  the 
length  of  time  that  it  will  do  in  the  other.  We  are  humbly  of 
opinion,  that  the  balance,  with  its  spring  in  an  isolated  state,  could 
be  made  to  vibrate  the  same  length  of  time  in  both  positions.  But 
who  will  be  at  the  trouble  and  expense  to  make  such  experiments  as 
may  lead  to  this? 

Mr  Earnshaw’s  pivots,  with  flat  ends  and  shallow  holes,  should 
come  very  near  to  this  object.  About  forty,  or  near  to  fifty  years 
ago,  endeavouring  to  come  at  this,  we  used  to  hollow  out  the  ends  of 
balance  pivots. 

In  the  interim  between  Tompion  having  left  off  his  trials  in  at- 
tempting the  horizontal  escapement,  and  Graham  having  brought  it 
to  a state  of  perfection,  M.  Facio,  a native  of  Geneva,  having  dis- 
covered the  art  of  piercing  holes  in  rubies,  or  any  hard  precious  stone, 
came  to  Paris  with  this  art  as  a secret,  but  not  being  well  received, 
either  by  the  Duke  of  Orleans,  at  that  time  Regent  of  France,  or  by 
the  watch-makers  there,  he  repaired  to  London  with  it  about  the  year 
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1700,  which  was  at  that  time  a school  where  the  art  of  watch-making 
was  more  cultivated  than  at  Paris.  He  was  admitted  a member  of 
the  Royal  Society;  and,  having  entered  into  a kind  of  partnership 
with  a native  of  France,  who  had  been  settled  in  London,  whose  name 
was  Debaufre,  they  carried  on  the  business  of  watch-jewelling.  Some 
of  Debaufre  s family , or  name , were  at  this  profession  in  London  so 
late  as  1773.  Facio’s  partner  had  at  this  time  contrived  a new 
escapement;  it  was  a dead-beat  one,  which  was  the  thing  now  sought 
for.  The  balance  and  balance-wheel  holes  of  it  were  jewelled;  the 
pallet  was  made  of  a diamond,  formed  from  a very  short  cylinder  E, 
Plate  VIII.  No.  45.  of  two-tenths  of  an  inch  in  diameter,  fixed  on 
the  verge  or  axis  C D of  the  balance  A B;  the  upper  end  of  the  cy- 
linder was  cut  down  nearly  one  half  of  the  diameter,  and  flanched  to 
the  lower  end  and  opposite  side,  rounded  off  from  the  base  left  at  top 
to  the  lower  end  of  the  flanch,  resembling  somethin g like  a cone 
bent  and  wanting  a part  of  the  top.  Two  flat  balance  wheels 
W W,  having  ratchet  sort  of  teeth,  were  on  the  same  arbor,  the 
teeth  of  the  one  being  opposite  to  the  middle  of  the  spaces  in  the 
other;  the  distance  between  these  wheels  was  a little  less  than  the 
diameter  of  the  cylinder;  the  drop  of  the  teeth  in  escaping  falls  on 
what  was  left  of  the  upper  base  of  the  cylinder, — the  lower  base  being 
taken  away  in  forming  the  pallet , — and  near  to  the  edge  formed 
from  the  flanch;  here  they  rested  during  the  time  of  the  vibration 
of  the  balance.  On  the  return,  the  tooth  gets  on  the  flanch,  and  passes 
over  it,  during  which,  giving  impulse  to  the  balance,  and  escaping 
at  the  lower  end,  a tooth  of  the  other  wheel  drops  opposite  on  the 
same  base  of  the  cylinder,  and  so  on.  A watch  having  this  escape- 
ment, and  bearing  Debaufre’s  name,  was  put  for  trial  into  the  hands 
of  Sir  Isaac  Newton,  who,  on  shewing  it  to  Sully , in  1704,  gave  a 
very  flattering  account  of  its  performance.  It  attracted  Sully’s  no- 
tice very  much,  but  thinking  it  by  no  means  well  executed,  and  not 
being  quite  satisfied  with  two  wheels,  it  was  thought  that  an  improve- 
ment would  be  made,  by  having  one  wheel  only,  and  two  pallets,  which 
was  part  of  the  scheme  of  the  escapement  he  adopted  for  his  marine 
time-keeper,  made  in  1721.  Considering  the  genius  that  Sully  was 
allowed  to  possess,  this  was  by  no  means  an  improvement  on  Debau- 
fre’s  escapement. 

Although  an  Englishman,  Sully's  name  was  unknown  to  his  coun- 
trymen, and  would  have  remained  so,  had  it  not  been  for  the  accounts 
given  of  him  by  the  French  artists,  in  whom  he  excited  an  emulation, 
and  also  inspiring  them  with  a taste  to  acquire  such  a pre-emi- 
nence in  their  profession,  as  had  been  before  unknown.  Julien 
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Le  Roy,  who  was  intimately  acquainted  with  Sully,  and  Berthoud, 
are  uncommonly  lavish  of  their  encomiums  on  him.  Soon  after 
he  had  completed  his  apprenticeship  with  Mr  Gretton,  watch-maker 
in  London,  he  went  to  Holland,  Germany,  and  Austria,  and,  at 
tracting  the  notice  of  several  of  the  princes  and  nobility,  he  was 
much  employed  by  them.  Having  seen,  in  the  library  of  Prince 
Eugene,  the  Memoir ? of  the  Royal  Academy  of  Sciences  in  Paris , 
he  eagerly  acquired  the  French  language,  in  order  to  read  them. 
This  excited  in  him  a strong  desire  to  see  Paris,  to  which  he  repaired 
about  the  year  1713  or  1714,  under  the  patronage,  and  in  the  suite 
of  the  Duke  of  Aremburg,  at  whose  hotel  he  lodged,  with  a pension  of 
600  livres.  He  had  not  been  long  there,  when  our  countryman, 
Law  of  Lauriston,  under  the  authority  of  the  court  of  Versailles,  got 
him  engaged  to  establish  a manufactory  of  clocks  and  watches.  In 
consequence  of  this,  he  came  twice  to  London ; and  having  carried  away 
a great  number  of  workmen,  and  spent  much  money  on  tools  and 
other  articles,  Law  began  to  murmur,  and  the  establishment  in  two 
years  fell  to  the  ground.  This  made  him  complain  bitterly  of  his 
bad  fortune  to  a friend ; but,  fortunately,  a nobleman,  to  whom  this 
was  mentioned,  feeling  much  for  the  disagreeable  situation  in  which 
Sully  was  placed,  sent  him,  as  a present , some  shares  in  the  public 
funds, — value  12,000  livres, — which  enabled  him  for  several  years 
afterwards,  to  pursue  very  zealously  his  favourite  scheme  of  making  a 
marine  time-keeper,  to  ascertain  the  longitude  at  sea.  In  this  at- 
tempt he  was  not  so  successful,  in  his  first  trials,  as  he  had  led  him- 
self to  expect.  It  was  in  general  believed,  however,  that,  had  he 
lived,  he  would  have  been  the  first  to  have  deservedly  acquired  one  or 
other  of  the  premiums  which  were  before  that  time  offered  by  four  of 
the  greatest  maritime  powers  in  Europe,  to  those  who  should  produce 
a time-keeper,  which  could  ascertain,  to  a certain  extent,  the  longitude 
at  sea.  Philip  the  Third,  who  ascended  the  throne  of  Spain  in  1591, 
was  the  first  who  proposed,  in  1598,  a reward  of  1000  crowns  for  this 
invention. 

The  states  of  Holland  soon  after  followed  his  example,  and  offered 
100,000  florins.  The  British  Parliament,  in  the  reign  of  Queen 
Anne,  voted  <P20,000  Sterling  for  the  same  purpose;  and  the  Duke 
of  Orleans,  Regent  of  France,  in  1716,  promised,  in  name  of  the 
King,  100,000  livres.  Sully  may  literally  be  said  to  have  died  a mar- 
tyr to  the  cause  in  which  he  was  engaged.  Having  got  a false  ad- 
dress to  a person  who , it  was  said , teas  occupied  in  the  same  pursuit 
with  himself,  he  got  so  overheated,  in  his  anxious  and  vain  en- 
deavour to  find  him  out,  that  he  died  in  a few  days  after,  at  Paris, 
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in  the  month  of  October,  1728,  and  was  buried,  with  great  pomp, 
in  the  church  of  St  Sulpicius.  In  this  church,  some  few  years  be- 
fore his  death,  he  constructed  a remakably  long  gnomon,  or  meridian 
line. 

Sully  having  acted  so  conspicuous  a part  in  the  profession,  no  apo- 
logy is  deemed  necessary  for  giving  this  short  account  of  him. 

It  may  be  observed  here,  that  Debaufre’s  escapement  has  this  ad- 
vantage, which  is  not  in  Graham’s,  that  the  impulse  given  is  the 
same  in  every  vibration,  and  the  time  of  rest  on  both  sides  is  the 
same,  bearing  mostly  on  the  foot  pivot  end,  a little  on  the  sides 
of  the  pivots,  but  not  wholly  on  the  sides  of  the  pivots  as  in 
Graham’s.  Having  made  one  or  two  watches,  to  which  this  es- 
capement was  put,  they  were  found  to  perform  very  well;  and 
we  would  recommend  it  to  the  attention  of  escapement-makers.  A 
little  practice  will  make  the  execution  of  it  very  easy.  The  two  thin 
steel  wheels  may  at  pleasure  be  placed  at  any  distance  from  one  ano- 
ther; their  diameters  should  be  as  large  as  can  be  admitted  between 
the  potence  foot  and  the  verge  collet.  An  agate,  or  any  hard  stone, 
for  the  pallet,  whose  height  is  half  the  spaces  between  the  teeth,  or  a 
little  less,  is  fixed  on  the  verge  or  axis  of  the  balance;  the  level  of 
the  base  of  the  pallet  on  which  the  teeth  rest,  being  a very  little 
above  that  of  the  line  of  the  balance-wheel  pinion,  the  teeth  must  be 
a very  little  undercut,  so  that  the  points  only  may  rest  on  the  pallet. 
The  verge  should  be  placed  more  inward  in  the  frame  than  in  com- 
mon contrate  wheel  movements,  in  order  to  give  room  for  the  balance 
wheels.  The  necessity  of  a contrate  wheel  movement  for  this  escape- 
ment, is  a trifling  objection,  which  will  wear  away  in  spite  of  preju- 
dice. 

In  1722,  l’Abbe  Hautefeuille,  who  long  before  this  had  at  Paris 
disputed  in  a process  at  law  with  Huygens , the  right  of  the  invention 
and  application  of  the  pendulum  spring  to  the  balance  of  a watch , Huy- 
gens being  cast,  was  prevented  from  taking  out  a patent  in  France  as  he 
wished,  published  a quarto  pamphlet  containing  descriptions  of  three  new 
escapements  for  watches.  One  of  these  was  the  anchor  or  recoiling 
escapement,  on  the  verge  of  which  was  attached  a small  toothed 
segment  of  a circle  or  rack,  working  into  a pinion  which  was 
the  axis  of  the  balance.  The  idea  of  a pinion  being  the  axis  of 
the  balance,  seems  to  have  been  taken  from  the  escapement  of 
Huygens,  and  is  here  contrived  so  as  to  make  scarcely  one  revolu- 
tion at  every  vibration.  This  escapement  is  the  same  as  it  came 
from  the  hands  of  Hautefeuille,  without  any  improvement  having 
been  made  upon  it  even  to  this  day,  although  a patent  was  taken  out 
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for  the  same  about  twenty  or  near  to  thirty  years  ago,  by  some 
persons  in  Liverpool.  The  name  of  lever  watches,  which  they 
received  from  the  patentees,  is  that  which  is  generally  given  to  those 
having  this  escapement,  which  is  the  same  that  Berthoud  has  de- 
scribed in  his  Essai  sur  VHorlogerie , published  in  1763;  see  tom. 
ii.  No.  1933,  and  Plate  XXIII.  Fig.  5.  of  which  our  figure  is  a 
copy,  Plate  VIII.  No.  46.  Berthoud,  under  certain  modifications, 
introduced  the  principle  of  this  escapement  into  some  of  his  marine 
time-keepers.  In  this  escapement  of  l’Abbe  Hautefeuille,  A is  the 
escapement  wheel,  B the  anchor  pallets,  having  inclined  planes,  or 
made  with  such  curves  as  are  best  suited  to  obtain  isochronous  oscil- 
lations from  the  balance:  C D the  balance,  «,  a pinion  on  whose  ar- 
bor the  balance  is  rivetted;  b is  the  toothed  rack  which  pitches  in 
with  the  pinion,  the  rack  is  carried  by  the  axis  of  the  anchor  pallets. 
In  the  drawing,  the  pinion  appears  to  be  the  arbor  of  the  escapement 
wheel  as  well  as  that  of  the  balance ; but  this  is  done  by  way  of  concen- 
trating the  figure  E,  the  counterpoise  to  the  rack. 

A very  able  and  ingenious  artist  at  Paris,  M.  Dutertre,  who  was 
zealous  in  his  profession,  and  had  considerable  success  in  his  pur- 
suits, invented,  in  1724,  as  is  said,  a new  escapement,  or,  in  our  hum- 
ble opinion,  rather  improved  that  of  Dr  Hooke’s,  with  two  balances, 
which  has  already  been  described.  The  additions  and  improvements, 
however,  which  he  made,  were  so  great  as  to  give  him  a sort  of  title 
to  claim  it  as  his  own,  and  to  render  it,  in  the  opinion  of  good  judges, 
the  best  escapement  by  far  that  was  known  at  that  time.  The  addi- 
tions which  he  made  consisted  in  putting  another  wheel  on  the  same 
arbor  with  the  first,  but  it  was  considerably  larger  in  diameter,  hav- 
ing the  same  number  of  teeth  with  the  other,  and  which  formed  the 
chief  merit  of  his  improvement  of  this  escapement.  The  balance 
arbors  at  one  place  were  made  rather  thicker  than  usual,  for  the  pur- 
pose of  having  notches  cut  across  them,  and  as  deep  as  the  centre. 
This  part  of  the  arbor  became  then  a semi-cylinder.  The  larger 
wheel,  which  may  be  called  that  of  arrete , or  repose,  is  placed  on 
its  arbor,  so  as  to  correspond  with  the  semi-cylinders  and  their  notches, 
the  points  of  whose  teeth  are  made  just  to  clear  the  bottom  of  the 
notches,  alternately  passing  one  of  them,  and  resting  on  the  semi- 
cylindrical  part  of  the  other. 

The  action  of  the  two  wheels  shall  now  be  explained.  Let  us 
suppose  that  one  of  the  larger  wheel  teeth,  after  reposing  on  one  of 
the  semi-cylinders,  is,  on  the  return  of  the  vibration  of  the  balance, 
admitted  to  pass  through  the  notch;  after  having  passed,  a tooth  of 
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the  impulse  wheel,  falls  on  the  corresponding  pallet,  gives  impulse, 
carrying  it  on  till  it  escapes,  when  another  tooth  of  the  wheel  of  re- 
pose falls  on  the  other  semi-cylinder,  and  rests  there  until  the  return 
of  the  vibration  of  the  other  balance,  when  it  passes  the  notch  in  its 
turn,  and  the  corresponding  pallet  presenting  itself,  is  impelled  by  a 
tooth  of  the  impulse  wheel,  and  so  on.  Hooke’s  escapement  had  a 
small  recoil;  the  aim  of  Dutertre  was  to  make  a dead  beat  one  of  it, 
in  which  he  succeeded.  There  is  a drawing  of  this  escapement  in 
Plate  XIV.  Fig.  4.  of  Berthoud’s  Histoire  de  la  Mesure  du  Temps . 
He  says,  “that  the  properties  of  this  escapement  are  such,  that  sudden 
shocks  do  not  sensibly  derange  the  vibrations;  that  the  pressure  of 
the  wheel  teeth  of  arrete  on  the  cylinders,  corrects  the  impulse  that 
the  balance  receives  from  the  wheel  work,  which,  on  the  motive  force 
being  even  doubled,  prevents  the  vibrations  from  being  affected.” 

Plate  IX.  No.  47.  represents  this  escapement  having  two  balances, 
A B,  toothed  on  their  edges,  and  pitching  in  with  one  another;  as  con- 
structed by  Dutertre,  they  are  placed  outside  of  the  potence  plate,  as 
well  as  the  double  ratchet  toothed  wheels,  the  three  arbors  being  kept 
in  their  places  by  a cock  to  each.  Upon  one  of  the  crosses  of  each 
balance  are  fixed  a sort  of  pallet,  D,  and  E,  the  arbors  of  the  balances 
have  each  a notch  cut  across  them,  so  as  to  allow  the  points  of  the 
teeth  of  the  larger  ratchet  wheel  to  escape.  When  the  points  of 
the  teeth  of  the  wheel  of  arrete,  get  in  on  the  notches,  they  pass 
through  instantly,  and  by  this,  the  teeth  of  the  impulse  wheel  get 
forward  and  impel  either  one  or  other  of  the  pallets,  D or  E;  in 
the  scheme  or  figure,  the  tooth  ^ of  the  wheel  of  arrete  (or  of  rest) 
is  seen  to  have  escaped  from  the  notch  of  the  arbor  of  the  balance  A, 
and  a tooth  of  the  wheel  of  impulse  is  ready  to  come  on,  and  impel 
the  pallet  D,  meanwhile  the  tooth  5 will  have  got  forward,  and  rests 
on  the  semi-cylindrical  part  of  the  arbor  of  the  balance  B;  on  the  re- 
turn of  the  balance,  it  passes  through  the  notch,  and  gives  the  wheel 
of  impulse  liberty  to  strike  the  pallet  E,  and  so  on. 

In  plate  XLI.  Fig.  16.  of  the  first  volume  of  Thiout’s  work,  is  a 
drawing  of  this  escapement  modelled  from  that  of  a clock,  described 
at  page  101.  He  says,  “Fig.  16.  is  an  escapement  of  the  Sieur  Jean 
Baptiste  Dutertre,  which  has  only  one  pallet,  on  the  axis  of  which  is 
the  fork.  The  two  ratches  or  wheels  are  on  the  same  arbor;  when 
the  pallet  escapes  from  the  small  ratchet,  the  larger  one,  which  is 
called  the  ratchet  or  wheel  of  arrete , rests  on  the  arbor  of  the  pallet, 
and  leaves  the  vibrations  to  be  pretty  free.  On  the  pallet’s  return- 
ing to  meet  with  the  teeth  of  the  small  ratchet,  the  pallet  arbor  or 
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cylinder  being  notched  or  cut  across  into  the  centre,  allows  the  wheel 
of  arrete  to  pass;  and  the  wheel  of  impulsion,  after  getting  a small 
recoil,  gives  new  force  to  the  vibrations;  so  that  in  two  vibrations; 
only  one  of  them  is  accelerated : hence  it  was  thought,  that  the  half 
of  the  vibration  being  free,  and  independent  of  the  wheel-work  and 
its  inequalities,  they  would  be  more  correct  than  others ; but  experi- 
ence did  not  confirm  this.”  This  is,  then,  the  duplex  escapement,  or 
the  nearest  possible  approach  to  it. 

It  is  more  than  fifty  years  since  we  saw  a small  spring  clock  having 
this  escapement,  made  by  a very  ingenious  clock-maker  of  this  place, 
whose  name  was  Robert  Brackenrig.  It  may  be  supposed  to  have 
been  made  a very  few  years  after  Thiout’s  work  was  published. 

In  1727,  Peter  le  Roy  gave  an  account  of  an  escapement  which  he 
had  made,  having  one  pallet  on  the  axis  of  the  balance,  and  a notch 
below  it,  a wheel  of  arrete , and  one  of  impulse,  as  described  in  the 
preceding  escapement,  so  that  one  half  of  the  vibrations  were  inde- 
pendent of  the  wheel  work.  Dutertre  claimed  the  pretended  inven- 
tion of  Le  Roy;  the  latter,  finding  it  not  to  answer  his  expectations, 
gave  it  up.  That  Dutertre  made  the  one  which  is  represented  in  plate 
XLI.  of  Tliiout,  we  have  no  doubt;  and  there  is  unquestionable  au- 
thority, that  he  brought  Dr  Hooke’s  to  the  improved  state  which  has 
just  been  mentioned.  It  is  said  that  he  had  made  a free  or  detached 
escapement;  but  no  account  whatever  has  been  given  of  it. 

The  duplex  escapement,  as  it  is  now  called,  was  introduced  into  its 
native  country  about  thirty  years  ago  or  more,  under  the  name  of  Ty- 
rers1  escapement,  the  name  it  is  supposed  of  him  who  put  the  last  hand  to 
improve  that , which  came  in  a lineal  descent  from  Dr  Hoohe.  In  place 
of  the  notch  being  made  right  across  the  arbor,  as  has  been  men- 
tioned before,  Tyrers’  had  a very  small  cylinder  or  roller,  whose  dia- 
meter was  about  .03  of  an  inch,  the  diameter  of  the  wheel  of  arrete 
being  .51  or  .52,  into  which  was  made,  in  a longitudinal  direction,  a 
deep  angular  notch  of  30  to  40  degrees.  The  cylinder  was  sometimes 
of  steel,  but  most  frequently  of  ruby.  When  the  points  of  the  teeth 
of  the  wheel  of  repose  fall  into  the  notch,  they  meet  with  a very  small 
recoil  by  the  balance,  in  what  may  be  called  the  returning  vibration. 
This  goes  so  far  as  to  make  the  tooth  for  a little  to  leave  the  notch, 
at  the  side  opposite  to  that  by  which  it  came  in.  The  balance,  on 
returning,  is  now  in  the  course  of  that  vibration,  when  it  is  to  receive 
impulse  from  the  wheel,  which  takes  place  immediately  on  the  tooth 
of  the  wheel  of  repose  leaving  the  notch  and  the  small  cylinder,  and 
as  soon  as  the  tooth  of  impulse  escapes  from  the  pallet,  the  next  tooth 
of  repose  falls  to  rest  on  the  small  cylinder,  and  so  on. 
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Plate  IX.  No.  49,  represents  the  duplex  escapement,  W W being 
the  wheel  of  arrete  or  repose,  the  bases  of  the  teeth  of  the  wheel  of 
impulse  are  seen  at  a b c,  black  and  triangular,  and  stand  a little  up 
perpendicular  to  the  plane  of  the  wheel  of  arrete,  as  represented  in 
perspective  of  wheel,  No.  53.  both  being  formed  out  of  the  same  piece 
of  brass.  A B is  the  pallet  which  receives  impulse  from  the  upright 
teeth  a b c,  &c.  of  the  wheel;  the  roller  is  represented  by  a faint 
dotted  circle  on  the  arbor  of  the  pallet,  having  a small  angular  notch 
in  it. 

Tyrers’  escapement  is  much  superior  to  that  of  the  cylinder  or  hori- 
zontal one;  it  is  almost  independent  of  oil,  requiring  only  a very 
little  to  the  points  of  the  wheel  teeth  of  repose.  It  can  carry  a 
balance  of  much  greater  momentum,  and,  when  well  executed,  performs 
most  admirably.  But  there  are  in  it  so  many  circumstances  or 
minutiae  to  be  attended  to,  that  some  of  them  may  at  times  escape  the 
eye  of  the  most  judicious  and  careful:  the  watch  may  stop,  and  yet 
the  escapement  be  in  every  respect  as  complete  as  possible.  This  has 
often  given  the  wearer  cause  to  complain,  and  to  suspect  the  qualities 
of  his  watch,  and  hence  watch-makers  have  sometimes  been  induced 
to  abandon  this  escapement,  and  adopt  those  of  an  inferior  sort. 
The  pallets  of  Tyrers  were  at  first  made  very  thin.  We  frequently 
urged  the  propriety  of  having  them  made  much  thicker,  and  were 
pleased  to  see  that  this  was  gradually  adopted.  Why  should  they 
not  be  made  as  thick  as  the  pallet  of  a detached  escapement?  There 
is  no  escapement  which  requires  to  have  the  balance-wheel  teeth  more 
correctly  cut,  or  the  steady  pins  of  the  cock  and  potence  more  nicely 
fitted  to  their  places  in  the  potence  plate  than  in  this.  The  minutiae 
alluded  to,  were,  too  much  or  too  little  drop  of  the  impulse  teeth  on  the 
pallet;  the  escapement  not  set  quite  so  near  to  beat  as  might  be;  the 
balance  rather  heavy ; or  the  points  of  the  teeth  of  repose  too  much  or 
too  little  in  on  the  small  cylinder.  In  a good  sizeable  pocket-watch,  the 
wheels  having  fifteen  teeth,  the  ratio  of  the  diameter  of  the  wheel  of 
repose  to  that  of  impulse  may  be  as  .520  of  an  inch  to  .400,  the 
cylinder  .030.  The  angle  of  escapement  will  be  60  degrees,  taking  from 
the  escape  of  the  impulse  tooth,  to  that  of  the  tooth  of  repose  falling  on 
the  cylinder,  the  balance  passes  20  degrees  of  these  before  the  impulse 
tooth  gets  again  on  the  pallet,  consequently  it  has  only  40  degrees  for 
the  acting  angle  of  the  escapement.  There  is  a variety  of  escapements 
in  Berthoud’s  Histoire , which  appeared  in  1802,  many  of  which  are  of 
very  inferior  note  to  that  of  Tyrers,  and  yet  he  has  taken  no  notice  of 
the  latter.  This  is  remarkable,  as  he  surely  must  have  seen  it,  con- 
sidering the  great  number  of  them  which  had  been  made. 
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A watch  having  a cylinder  or  horizontal  escapement,  not  giving 
that  performance  that  it  ought  to  have  done,  arising  from  the  cause 
of  the  cylinder  wheel  teeth  having  somehow  accidentally  got  a ten- 
dency to  cut  the  cylinder  so  fast,  that  good  performance  could  not 
possibly  be  obtained  from  it.  We,  therefore,  thought  it  advisable 
to  take  this  escapement  altogether  away  from  the  watch,  and  substi- 
tute a duplex  one  in  its  place.  With  the  cylinder  escapement,  the 
train  was  18,000,  and  that  to  the  duplex  was  made  18,200;  yet,  not- 
withstanding this  additional  quickness  of  train,  the  same  balance,  and 
its  spring,  kept  the  exact  same  time  as  they  did  before ; which,  in  some 
degree,  shows  the  superiority  of  the  duplex  over  that  of  the  cylinder 
escapement.  The  freedom  and  ease  with  which  the  balance-wheel 
gives  impulse  to  the  duplex  pallet,  and  with  such  velocity  or  quick- 
ness of  time,  that  less  of  the  exertion  of  the  pendulum  spring  was  re- 
quired to  bring  the  pallet  back  to  get  a new  impulse. 

While  Dutertre  was  engaged  with  Dr  Hooke's  escapement,  an 
artist  in  England,  whose  name  is  unknown,  produced  an  escapement 
with  the  dead  beat,  which  seems  at  that  time  to  have  been  the  greaf 
desideratum.  Julien  Le  Roy  having  got  one  of  these  watches,  showed 
it  to  Sully  in  November,  1727,  and  told  him  that  it  was  an  escapement 
very  deserving  of  notice.  Thiout  mentions  it  as  an  escapement  of  M. 
Flamenville,  having  two  pallets  of  repose,  and  says,  that  it  much  at- 
tracted the  attention  of  the  English  watch-makers,  who  had  made  it 
for  three  or  four  years.  (See  page  108,  Plate  XLIII.  Fig.  26.  of 
his  first  volume.)  With  our  workmen,  it  went  by  the  name  of  the 
escapement  with  the  tumbling  pallets.  The  axis  of  the  balance  had 
two  semi-cylindrical  pallets  whose  faces  stood  in  the  same  plane  or 
centre  of  the  axis:  the  balance-wheel  was  the  common  crown-wheel 
one,  the  teeth  of  which  got  a very  small  hold  of  the  face  of  the  pal- 
lets. When  dropping  from  the  face  of  one  pallet,  a tooth  on  the 
opposite  side  dropped  on  the  semi-cylindrical  part  of  the  other  pal- 
let, where  it  rested  during  the  going  and  coming  of  the  vibration, 
getting  then  on  the  face,  it  gave  new  impulse,  escaping  in  its  turn; 
the  pallet  on  the  opposite  end  of  the  verge  received  a tooth  on  the 
semi-cylindrical  part,  and  so  on.  After  having  been  laid  aside  for 
some  time,  it  was  of  late  years  taken  up  by  several,  who,  no  doubt, 
must  have  thought  well  of  it.  Among  these  was  Kendal,  a man  of 
no  common  talents;  he  transformed  it  into  one  having  two  crown- 
wheels on  the  same  pinion  arbor,  the  tops  of  the  teeth  of  the  one 
pointing  to  the  middle  of  the  spaces  in  the  other,  and  with  only  one 
pallet,  the  diameter  of  the  semi-cylinder  being  of  any  size.  (SeePlate 
IX.  No.  50.)  About  thirty  years  ago,  or  more,  we  had  some  watches 


212 


DETACHED  ESCAPEMENT 


made,  having  tumbling  pallets,  and,  after  a few  years  trial,  gave  them 
up.  The  principle  of  the  escapement  is  good,  as  long  as  the  parts 
of  it  remain  unimpaired,  and  the  oil  continues  fresh;  but  the  acting 
parts  having  such  a small  hold  of  one  another,  get  soon  altered, 
which  causes  a great  deviation  from  the  rate  of  time  with  which  it 
first  sets  out.  They  cannot  be  expected  to  last  long,  unless  with  a 
diamond  pallet,  and  a steel  wheel  of  the  hardest  temper.  Drawings 
of  these  two  escapements  being  given,  it  becomes  necessary  to  give  a 
short  explanation. 

Plate  IX.  No.  1.  is  one  view  of  the  tumbling  pallet  escapement, 
where  W W represents  the  crown-wheel,  and  A B the  pallets.  In 
No.  2.  another  view  is  given,  where  a tooth  on  the  lower  side  of  the 
wheel  is  seen,  as  escaping  from  the  shaded  or  dark  pallet  B;  at  the 
same  instant,  a tooth  on  the  upper  side  falls  just  in  on  the  cylindrical 
part  of  the  light  semi-cylindrical  pallet  A,  and  here  the  time  of  rest 
commences;  on  its  return,  the  face  of  the  pallet  presenting  itself, 
gets,  in  its  turn,  new  impulse,  which  is  communicated  to  the  balance, 
and  so  on.  0.  D,  No.  2.  is  a view  of  the  bottom  of  the  crown-wheel. 

In  Kendal’s  escapement,  at  K,  No.  3.  a few  of  the  teeth  of  the  two 
crown-wheels  W W,  are  represented;  a tooth  of  the  wheel  on  the 
right  hand  side  is  seen  just  escaping  from  the  face  of  the  pallet  P p, 
after  having  given  impulse  to  it,  and  a tooth  of  the  wheel  on  the  left 
hand  falls  that  instant  on  the  semi-cylindrical  part,  and  rests  there 
until  the  return,  when  the  face  presenting  itself,  it,  on  that  side,  gets 
impulse  in  its  turn,  and  so  on. 

The  free  or  detached  escapement  is  that  in  which  the  greater 
part  of  the  vibrations  of  the  balance  is  free  and  independent  of  the 
wheels,  the  balance-wheel  being  then  locked;  when  unlocked,  it 
gives  impulse,  which  only  takes  place  at  every  second  vibration.  In 
Mudge’s  detached  escapement,  the  impulse  is  given  at  every  vibra- 
tion. The  progress  which  has  of  late  years  been  made  in  improv- 
ing the  detached  escapement  has  been  wonderful,  when  we  consider, 
that  half  a century  ago,  the  name  of  this  escapement  was  unknown. 
The  first  rude  draught  of  any  thing  like  it,  appears  to  be  that  of 
Thiout’s,  described  at  page  110  of  the  first  volume  of  his  Work, 
and  shown  in  Plate  XLIII.  Fig.  30.  which  he  calls,  “ an  escapement 
of  a watch,  the  half  of  whose  vibrations  appear  to  be  independent 
of  the  wheel  work  during  the  time  they  are  made.”  “The  hook  B, 
or  detent , as  it  would  now  he  called , detains  the  escapement  wheel 
for  a short  while;  see  Plate  X.  No.  54.  the  balance,  in  returning, 
carries  with  it  the  pallet  A,  and  consequently  disengages  the  hook 
from  the  teeth  of  the  escapement  wheel,  and  leaves  ono  of  them  at 
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liberty  to  strike  anew  on  the  pallet,  and  so  on.  This  escapement 
cannot  go  without  a spiral  or  balance  spring.” 

If  the  arm  from  the  pallet  arbor  had  a pin  to  work  in  the  slit  of 
one  of  the  detent  arms,  it  would  be  greatly  improved.  Although  the 
drawing  of  this  escapement,  which  was  given  in  Nicholson’s  J ournal, 
September,  1806,  is  not  exactly  like  the  original,  the  principle  of  the 
escapement  is,  however,  still  the  same. 

Peter  Le  Roy’s  escapement  is  the  next  step  that  was  made  towards 
this  invention.  He  contrived  it  in  1748,  and,  like  Thiout’s,  it  has 
hardly  ever  been  made  use  of.  Both  of  them  have  a great  recoil  to 
give  to  the  wheel  before  it  could  be  disengaged,  and  their  arcs  of 
free  vibration  are  not  of  much  extent.  Berthoud  informs  us,  that  in 
1754,  he  made  a model  of  one,  which  he  gave  in  to  the  Royal  Aca- 
demy of  Sciences.  Camus,  on  its  being  shown  to  him  at  that  time, 
told  him,  that  the  late  Dutertre  had  made  and  used  such  an  escape- 
ment, having  a long  detent , and  free  vibrations.  Nothing  appears 
now  to  be  known  of  the  construction  of  Dutertre’s,  and  Le  Roy  seems 
to  have  acknowledged  the  priority  of  it  to  the  one  he  contrived  in 
1748.  “My  thought  or  invention,”  he  says,  “was  not  so  new  as  I had 
imagined.  Dutertre’s  sons,  artists  of  considerable  repute,  showed  me 
very  soon  after,  a model  of  a watch  in  this  way  by  their  late  father, 
which  the  oldest  Dutertre  must  still  have.  This  model,  very  different 
from  my  construction,  is,  however,  the  same  with  respect  to  the  end 
proposed.” 

The  detached  escapement  in  Le  Roy’s  time-keeper,  which  was  tried 
at  sea  in  1768,  is  very  different  from  that  of  his  in  1748. 

Berthoud,  in  his  Traite  des  Horologes  Marines , published  in  1773, 
has  given,  in  No.  281,  an  account  of  the  principle  on  which  the 
model  was  made  in  1754;  and,  in  No.  971,  a particular  description 
of  the  parts  composing  it,  which  are  represented  in  plate  XIX. 
fig.  4.  of  that  work.  It  may  be  somewhat  interesting  to  lay  before 
our  readers  what  is  contained  in  No.  281.  “ I composed,”  says  he, 

“in  1754,  an  escapement  upon  a principle  of  which  I made  a model, 
in  which  the  balance  makes  two  vibrations  in  the  time  that  one  tooth 
only  of  the  wheel  escapes,  that  is  to  say,  the  time  in  which  the  ba- 
lance goes  and  comes  back  on  itself;  and,  at  the  return,  the  wheel 
escapes  and  restores  in  one  vibration,  the  motion  that  the  regulator 
or  balance  had  lost  in  two.  The  escapement  wheel  is  of  the  ratchet 
sort,  whose  action  remains  suspended  (while  the  balance  vibrates 
freely)  by  an  anchor  or  click,  fixed  to  an  axis  carrying  a lever  with 
a deer’s  foot  joint,  the  lever  corresponding  to  a pin  placed  near  the 
centre  of  the  axis  of  the  balance.  When  the  balance  retrogrades,  the 
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first  vibration  being  made,  the  pin  which  it  carries  turns  the  deer’s 
foot  joint  a little  back,  and  the  balance  continuing  freely  its  course,  its 
liberty  not  being  disturbed  during  the  whole  of  this  vibration,  but  by 
a very  small  and  short  resistance  of  the  deer’s  foot  joint  spring.  When 
the  balance  comes  back  on  itself  and  makes  the  second  vibration,  the 
same  pin  which  it  carries,  raises  the  deer’s  foot  lever  in  such  a way, 
that  the  anchor  which  it  carries  unlocks  the  wheel,  in  order  that  it 
may  restore  to  the  balance  the  force  which  it  had  lost  in  the  first 
vibration.  This  effect  is  produced  in  the  following  manner: — In  the 
instant  that  the  deer’s  foot  jointed  lever  is  raised,  the  wheel  turns  and 
acts  upon  the  lever  of  impulsion,  formed  with  a pallet  of  steel  which 
acts  upon  the  wheel,  and  with  another  arm  that  acts  on  a steel  roller 
placed  near  the  axis  of  the  balance;  and,  in  the  same  instant  that 
the  wheel  acts  upon  the  lever  of  impulsion,  the  second  arm,  which 
its  axis  carries,  and  which  is  the  greatest,  stays  on  the  roller,  and 
the  motion  of  the  wheel  is  communicated  to  the  balance,  almost  with- 
out loss  and  without  friction,  and  by  the  least  decomposition  of  force. 
As  soon  as  the  wheel  ceases  to  act  on  the  lever  of  impulsion,  the  lever 
falls  again,  and  presents  itself  to  another  tooth.”  “ To  render  the 
vibrations  of  the  balance  more  free  and  independent  of  the  wheel- 
work,”  continues  Berthoud  in  No.  281,  “ and  diminish  as  much  as 
possible  the  resistance  it  meets  with  at  every  vibration,  the  pin  must 
be  placed  very  near  the  centre  of  the  balance,  so  that  the  lever  may 
not  be  made  to  describe  a greater  course  than  that  required  to  ren- 
der the  effect  of  the  click  perfectly  sure,  and  while  the  balance  turns 
and  makes  its  two  vibrations,  prevent  only  one  tooth  from  escaping; 
as  otherwise,  it  would  be  dangerous,  by  the  second’s  hand,  which  is 
carried  by  its  wheel,  announcing  more  seconds  or  time  than  the 
balance  by  its  motion  would  have  measured.  It  was  the  dread  of  such 
a defect,  that  made  me  then  give  this  escapement  up,  which,  I con- 
fess, seems  to  be  rather  flattering;  but  it  did  not  give  to  the  mind 
that  security  in  its  effect  which  is  so  necessary,  particularly  in 
marine  time-keepers,  the  use  of  which  is  of  too  great  consequence  to 
allow  anything  in  them  suspicious  to  be  hazarded. 

The  principle  given  here  by  Berthoud,  is  the  same  as  that  of  the 
detached  escapements  now  made,  although  the  parts  of  the  model  are 
more  complex.  This  escapement  had  received  a variety  of  modifica- 
tions under  his  hands.  In  1768,  he  had  five  marine  time-keepers 
planned  out  to  have  spring  detents  to  their  escapements,  the  lifting- 
spring  being  placed  on  the  roller,  or  pallet,  which  received  the 
impulse.  These  were  not  finished  till  1782.  Subsequent  improve- 
ments, made  by  the  late  Mr  Arnold  and  others,  can  hardly  be  con- 
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sidered  as  differing  very  materially  from  those  of  Berthoud.  This 
escapement  in  pocket  watches  may  sometimes  come  under  such  cir- 
cumstances as  have  been  noticed  with  Tyrer’s  or  the  Duplex ; but  no 
other  can  well  be  admitted  into  box-chronometers,  whether  it  is  made 
in  the  manner  of  Arnold’s,  or  in  that  of  Earnshaw’s.  In  this  escape- 
ment of  Arnold’s,  (see  plate  IX.  No.  51.)  that  part  of  the  face  of  the 
pallet,  at  the  point  or  nearly  so,  on  meeting  the  cycloidal  curved  tooth 
to  give  impulse,  rolls  down  on  this  curve,  for  one-half  of  the  angle, 
and  in  the  other  goes  up ; or  it  may  be  thus  expressed,  the  curve 
goes  in  on  the  pallet  for  the  first  part  of  the  impulse,  and  comes  out 
during  the  last.  In  making  this  curve  too  circular  near  the  point  of 
the  tooth,  as  has  been  done  by  some,  when  the  drop  is  on  the  nice 
side,  the  pallet  has  to  turn  a little  way  before  the  wheel  can  move 
forward,  which  has  sometimes  caused  slopping ; but  where  attention 
is  given  to  the  proper  form  of  the  teeth,  this  is  not  likely  to  happen. 

In  that  of  Earnshaw’s,  (see  No.  52.)  the  face  of  the  pallet  is  con- 
siderably undercut.  Here,  the  point  of  the  tooth  will  slide  up  for 
the  first  part  of  the  impulse,  and  down  in  the  last ; in  the  first  part 
of  its  action,  it  seems  to  have  little  to  do,  and  may  acquire  some 
velocity  in  order  to  overcome  the  part  it  has  to  perform  in  the  last, 
which  perhaps  may  be  deemed  a consideration  or  property  of  some 
value.  The  face  of  the  pallet  being  undercut,  had,  from  experience, 
been  found  requisite,  as  is  said , in  order  to  prevent  cutting  or  wear- 
ing. In  Berthoud’s  box-chronometers,  or  time-keepers,  the  face  of 
the  pallet  is  made  straight,  or  in  a line  to  the  centre.  One  of  them, 
after  twenty-eight  years  going,  the  greater  part  of  which  was  from 
Europe  to  India,  and  in  the  Chinese  seas,  was  put  into  our  hands,  and 
neither  the  face  of  the  steel  pallet,  or  that  of  the  steel  detent,  had  the 
least  appearance  of  being  any  way  marked.  This  was  the  more 
remarkable,  as  the  wheel  was  uncommonly  thin.  It  must  have  been 
made  of  very  fine  brass.  The  wheel  had  ten  teeth ; the  ratio  of  the 
diameter  to  that  of  the  roller  or  pallet,  was  .530  to  .340 : the  balance 
weighed  174  grains,  and  made  two  vibrations  in  a second.  The 
balance  was  suspended  by  a short  and  very  weak  piece  of  pendulum 
spring  wire,  which  had  been  broken  by  some  accident  before  we  got 
it.  The  length  of  the  suspension  spring  required  to  be  .9  of  an  inch, 
and  so  very  delicate,  that  many  were  made  before  the  chronometer 
could  be  brought  any  way  near  to  time.  It  seemed  to  have  more 
influence  during  the  adjusting  of  it  to  time,  than  any  spiral  spring 
could  possibly  have.  From  being  confined  to  a certain  length;  it  gave 
a great  deal  more  trouble  in  the  operation,  than  otherwise  it  would 
have  done. 
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The  balance  of  a marine  time-piece,  when  suspended  in  this  way  by 
a very  delicate  piece  of  pendulum  spring  wire,  will  admit  of  being 
much  heavier  than  of  that  whose  pivots  run  ir*  bottomed  holes,  and 
rest  or  turn  on  the  end  in  one  of  them ; because  all  the  friction 
which  the  pivots  of  the  suspended  balance  have,  is  only  on  the  edges 
of  the  friction  rollers,  and  which  is  very  inconsiderable.  As  here, 
each  of  the  balance  pivots  turned  between  three  rollers,  which  were 
more  than  one  inch  in  diameter,  and  from  them  and  the  suspension 
spring,  perhaps  arose  that  ease  and  freedom  in  the  motion  of  the 
balance,  in  consequence  of  which  the  balance  wheel  teeth  had  little 
to  do  when  impelling  the  roller  or  pallet ; this  may  have  been 
one  cause  why  the  pallet  face  was  not  cut  or  marked.  It  may  be 
observed,  that  it  had  the  common  spiral  balance  spring,  and  a compen- 
sation consisting  of  two  laminae,  or  blades  of  brass  and  steel  pinned 
together  and  rivetted ; and,  in  the  movable  end  was  a screw,  which, 
by  its  connection  with  an  arm  in  which  the  curb  pins  were  placed, 
served  to  regulate  for  mean  time ; three  screws  in  the  edge  or  rim  of 
the  balance  were  also  used  for  this  purpose. 

When  the  diameter  of  the  pallet  roller  has  a considerable  propor- 
tion to  that  of  the  wheel,  the  angle  of  escapement  will  be  less,  and 
the  hold  on  the  face  of  the  pallet  by  the  wheel  teeth  will  also  be  less  ; 
but  the  impulse  given  will  be  more  direct,  and  the  chance  of  stopping, 
from  any  counter-action  by  external  motion,  will  also  be  greatly 
lessened.  In  this  angle,  more  must  be  included  than  that  which  is 
made  from  the  drop  of  the  tooth  to  its  escaping  the  pallet.  The 
angle  of  escapement  is  included  between  the  point  where  the  tooth 
escapes  from  the  main  pallet  or  roller,  and  the  point  of  which  the 
lifting  pallet  comes  in  returning,  after  having  passed  the  lifting 
spring.  There  can  be  no  escaping,  unless  the  lifting  pallet  has 
passed  the  lifting  spring;  it  is  then  again  ready  to  unlock  the  wheel. 
It  is  desirable  that  the  unlocking  of  the  wheel  should  be  made  with 
the  least  possible  resistance  to  the  vibration  of  the  balance,  which  is 
attained  by  having  the  end  of  the  lifting  pallet  as  near  to  the  centre 
of  the  balance  as  is  consistent  with  its  getting  such  a hold  of  the 
lifting  spring,  that,  in  its  course,  it  can  readily  and  easily  bring  out 
the  detent  from  locking  the  wheel.  The  hold  of  the  tooth  on  the 
detent  should  not  be  more  than  the  hundredth  part  of  an  inch  ; in  some 
cases,  this  may  be  even  too  much ; but,  in  doing  this,  the  supple- 
mentary angle  becomes  greater,  and  increases  the  angle  of  escape- 
ment ; and,  therefore,  it  may  be  proper  to  have  the  lifting  pallet  a 
little  longer.  A little  additional  length  will  greatly  reduce  the  angle 
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of  escapement,  and  not  much  increase  the  evil  of  a greater  resistance 
to  the  vibrations  of  the  balance. 

In  a box-chronometer,  where  the  balance-wheel  has  twelve  teeth, 
and  the  whole  angle  of  escapement  is  to  be  60  degrees,  it  is  required 
to  find  the  ratio  of  the  diameter  of  the  wheel  to  that  of  the  roller. 
The  supplementary  angle  being  taken  at  15°,  the  angle  of  impulse 
must  then  be  45°,  which  is  rather  wide  as  otherwise;  but  it  will 
be  less  than  this,  when  the  thickness  of  the  points  of  the  teeth, 
and  the  spaces  for  drop  and  escape,  are  taken  into  computation.  Now, 
360°,  being  divided  by  12,  the  number  of  the  wheel  teeth,  gives  30° 
for  the  quotient,  and,  when  divided  by  45,  the  number  of  degrees 
for  the  angle  of  impulse,  the  quotient  will  be  8°.  The  diameter 
of  the  wheel  is  supposed  to  be  .6  of  an  inch,  to  find  that  of  the 
roller,  say,  as  12  : 6 : : 8 : 4.  Four -tenths  of  an  inch  is  the  diameter 
required  for  the  roller,  which  will  give  somewhat  less  than  45°  for  the 
angle  of  impulse.  The  diameter  of  the  roller  may  be  found  in 
another  way,  sufficiently  near  for  practice.  The  diameter  of  the  wheel 
is  .6  of  an  inch,  or  .600;  then  say,  as  113  : 355  : : .600  : 1.885,  this 
last  being  divided  by  12,  the  number  of  the  wheel-teeth,  gives  for 
the  quotient  .157,  the  distance  between  the  teeth.  This  distance, 
taken  as  a radius  for  the  roller,  would  give  60°  for  the  angle  of 
impulse;  about  one-fourth  more  of  this  added,  will  give  .200  for  the 
radius,  so  that  the  angle  may  be  about  45°. 

Nothing  should  be  overlooked  which  can  contribute  to  make  the 
balance  unlock  the  wheel  with  the  least  possible  resistance.  When 
the  wheel  is  locked  by  the  extremity  of  the  teeth,  it  must  be  easier 
unlocked  than  when  the  locking  is  at  a less  distance  from  the  centre. 
The  unlocking  cannot  be  done  easier  than  with  such  a wheel  for  a 
detached  escapement,  as  was  contrived  about  twenty  or  five  and  twenty 
years  ago  by  Owen  Robinson,  (see  No.  53.)  a very  judicious  escape- 
ment-maker in  London,  who  worked  long  with  the  late  Mr  Arnold. 
This  wheel  is  like  that  for  Tyrers  escapement.  The  long  teeth  of 
arrete  rest  on  the  detent,  and  the  upright  teeth  give  impulse.  It  is 
evident  that  the  unlocking  with  such  teeth  must  be  very  easy,  when 
compared  with  the  teeth  of  those  wheels  which  are  made  after  the 
ordinary  way. 

Lest  what  has  been  said  concerning  the  principle  of  a detached 
escapement  may  not  be  sufficient;  we  shall  endeavour  to  describe  the 
escapement  itself,  such  as  it  is  at  present  commonly  made,  so  as  to 
give  an  idea  of  it,  and  of  the  manner  by  which  it  acts.  The 
balance-wheel  of  a pocket  chronometer  has  frequently  fifteen  teeth,  not 
very  deep  cut,  and  a little  undercut  on  the  face;  a notch,  cut  in  a 
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round  piece  of  flat  steel  or  roller,  which  is  thicker  than  the  wheel, 
forms  the  face  of  the  pallet.  Sometimes,  or  rather  frequently,  a 
small  piece  of  ruby  or  sapphire  is  inserted  into  the  notch  at  the  face 
of  the  pallet,  for  the  wheel -teeth  to  act  upon,  so  that  no  wearing  may 
ensue.  The  ratio  of  the  diameter  of  the  wheel  to  that  of  the  roller, 
is  that  of  .425  to  .175.  When  the  wheel  and  roller  are  in  their 
places,  the  wheel,  supposed  to  be  locked,  the  roller  must  turn 
freely  between  two  teeth,  having  only  freedom  to  do  so,  and  not  much 
more.  From  the  centre  of  the  roller  to  the  point  of  one  of  the  teeth, 
that  next  the  last  escaped,  let  a line  be  drawn  at  a tangent  to  this 
tooth;  on  this  line  is  placed  the  detent  and  lifting  springs.  The 
detent  piece  on  which  the  wheel  is  locked,  is  a small  bit  of  fine  stone, 
either  ruby  or  sapphire,  set  into  steel,  formed  into  a delicate  spring, 
of  such  a length  as  to  be  equal  to  that  of  the  distance  of  two  or  three 
spaces  between  the  teeth,  with  a sole  and  a steady  pin  at  one  end  of 
it,  which  must  be  fixed  to  the  potence-plate  by  a screw.  This  is 
what  is  called  the  detent  spring,  the  end  of  which  goes  within  a 
little  distance  of  the  circle  described  by  the  extremity  of  the  lifting 
pallet.  On  the  left  hand  side  of  the  detent  spring,  is  attached 
another,  called  the  lifting  spring,  which  cannot  be  too  delicate,  but  is 
made  a little  thicker  towards  the  outer  or  lifting  end  than  any  where 
else.  This  end  of  the  lifting  spring  projects  a very  little  beyond  that 
of  the  detent  spring.  On  the  arbor  of  the  roller  and  balance,  and 
placed  near  the  roller,  is  twisted  a short  and  thick  steel  socket,  in 
which  is  set  a bit  of  precious  stone,  the  face  of  which  is  made  flat, 
and  nearly  in  a line  with  the  centre;  behind,  it  is  chamfered -on 
towards  the  point,  and  made  rather  thin  than  otherwise.  This  is  called 
the  lifting  pallet.  The  length  or  height  is  made  so  as  to  unlock 
the  wheel  to  the  best  advantage,  that  is,  by  only  carrying  the  detent 
a short  way  beyond  the  unlocking.  This  excursion  is  to  be  confined 
to  as  small  an  angle  as  may  be.  Near  to  the  detent  piece  is  fixed  a 
stud,  in  which  is  a screw  to  regulate  or  adjust  the  depth  of  the 
detent  into  the  wheel-teeth.  The  point  of  the  screw  should  be  har- 
dened, and  have  a part  of  the  ruby  detent  to  rest  upon  it,  when  the 
detent  spring  presses  that  way.  In  Earnshaw’s  way,  the  detent 
spring  presses  against  the  shoulder  of  the  screw  m.  See  No.  52. 
When  the  balance  is  at  rest,  the  face  of  the  lifting  pallet  n is  very 
near  to  the  outer  side  and  end  of  the  lifting  spring.  If  the  balance  is 
brought  a very  little  about  to  the  left,  the  lifting  pallet  will  pass  the 
end  of  the  lifting  spring.  On  the  balance  being  now  turned  towards 
the  right,  at  the  moment  of  the  wheel  being  unlocked,  the  face  or 
notch  of  the  main  pallet  or  roller  presents  itself  to  receive  the  point 
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of  one  of  the  teeth,  and  is  impelled  by  it  with  considerable  force; 
meanwhile  the  detent  falls  again  to  its  place,  and  locks  the  wheel 
The  balance  having  completed  this  vibration,  returns;  in  the  re- 
turning, the  lifting  pallet  pushes  the  lifting  spring  easily  aside,  being 
no  longer  supported  by  the  detent  spring  when  turning  in  this  direc- 
tion, that  is,  from  the  right  to  the  left;  the  detent  is  again  ready  to 
be  disengaged  on  the  next  return  of  the  balance,  and  so  on.  The 
words  right  and  left  in  this  description,  apply  to  Arnold’s  plan  of  a 
detached  escapement,  and  must  be  taken  on  the  contrary  sides,  when 
applied  to  Earnshaw’s  plan.  It  is  usual  to  make  the  bending  part  of 
the  lifting  spring  as  weak  as  possible;  it  should  even  be  made  to 
come  to  its  place  at  the  end  of  the  detent  spring,  with  no  more  force 
than  just  to  bring  it  there ; the  detent  spring,  besides,  being  also  very 
weak  at  the  bending  part,  should  have  that  force  only,  and  no  more, 
which  will  bring  it  to  its  banking  or  limits,  and  keep  it  there;  the 
circular  part  of  the  detent  nib  being  drawn  from  a point,  that  is  the 
smallest  matter  eccentric  from  its  centre  of  motion,  will  tend  a little, 
by  means  of  the  wheel-teeth,  to  keep  it  to  its  place.  When  these 
springs  happen  to  be  a little  stronger  than  what  has  been  suggested, 
it  will  show  a considerable  difference  (of  loss)  in  the  extent  of  the 
arcs  of  vibration  of  the  balance. 

Box  chronometers  are  commonly  hung  on  gimbals,  the  plane  of  the 
dial  being  somewhat  above  that  of  the  gimbal  pivots ; the  brass  box 
in  which  the  chronometer  is  fixed  may  be  about  an  inch  and  a half 
deep,  and  this,  like  a short  pendulum,  must  make  many  and  quick 
vibrations,  when  affected  by  external  motion,  from  whatever  cause 
arising  ; and  whatever  agitation  the  chronometer  may  meet  with, 
must,  of  course,  naturally  affect  the  motion  of  the  balance  in  some 
degree.  In  order  to  correct  or  prevent,  as  much  as  possible,  the 
effect  of  external  motion  reaching  the  balance,  it  might  be  proposed  to 
have  the  box  in  which  the  chronometer  is  placed,  as  long  or  deep  as 
could  conveniently  be  adopted, — say,  from  eight  to  ten,  twelve  or 
more  inches  this  would  then  be  something  like  having  a greater 
length  of  pendulum,  and  consequently  any  vibrations  $nade  by  the 
box  would  not  only  be  slower,  but  fewer  in  number,  and  hence  the 
balance  would  be  less  affected.  Berthoud  seems  to  have  perceived 
the  advantage  of  this,  by  having  his  marine  time-keepers  suspended 
or  fixed  in  a long  case  or  box,  on  account  of  the  less  number  of 
vibrations  it  would  make  from  any  external  motion  that  might  take 
place.  In  one  of  his  marine  clocks,  the  brass  case  which  contained 
it  had  a thick  piece  of  lead  fixed  to  the  bottom  inside,  in  order  to 
make  the  clock  hang  steady  on  its  gimbals;  the  case  over  all,  from 


250 


HANGING  IN  GIMBALS. 


the  bottom  to  the  top  of  the  glass,  was  about  nine  inches  and  a half 
in  length,  and  the  whole,  when  together,  weighed  sixteen  pounds, 
three  ounces  and  a half.  The  pivots  of  the  gimbals  were  about  three 
and  a half,  or  four  inches,  or  perhaps  a little  more  below  the  plane 
of  the  dial,  but  as  thus  placed  were  in  the  plane  of  the  balance,  so 
that  any  pendulous  motion  the  case  might  get,  should  be  as  slow  as 
possible,  and  have  the  least  effect  on  the  balance.  A pendulum  may 
be  so  fitted  up  as  to  give  as  few  vibrations,  in  a given  time,  as  one  of 
six  times  the  length.  Having  the  rod  extended  above  and  below  the 
centre  of  motion,  a weight  of  180  grains  being  on  the  upper  part  of 
the  rod,  at  seven  inches  above  the  centre  of  motion,  and  a ball  of 
480  grains,  three  inches  and  two-tenths  of  an  inch  below  the  centre, 
would  require  a minute  to  make  fifty  vibrations;  a pendulum  to  do 
this  in  the  ordinary  way  would  need  to  be  fifty- six  inches  and  a half 
in  length.  The  weight  of  130  grains  being  placed  one  inch  and 
two-tenths  above  the  centre  of  motion,  the  vibrations  in  a minute 
will  be  orfe  hundred  and  sixty.  The  vibrations  of  a pendulum,  one 
inch  and  a half  in  length,  the  depth  or  length  of  the  box  which 
usually  contains  our  chronometers,  ought  to  make  above  three 
hundred  vibrations  in  a minute,  which  is  six  times  the  number  that 
would  be  made,  were  they  suspended  properly  in  a deeper  or  longer 
case;  and  surely,  when  the  agitation  or  the  number  of  vibrations  can 
be  so  much  lessened,  must  not  this  also  lessen  its  effect  on  the  motion 
of  the  balance?  Notwithstanding  what  has  been  said,  it  is  surprising 
to  observe  with  what  steadiness  marine  time-keepers  in  the  gimbals 
maintain  the  horizontal  position,  even  while  the  ship  may  be  pitching 
or  rolling  with  great  force. 

Our  marine  or  box  chronometers  are  commonly  turned  upside 
down,  before  they  can  be  got  at  to  wind  up;  and  this  motion  of 
turning  them,  however  little  the  influence  it  may  have  on  the  motion 
of  the  balance,  yet  it  may  be  supposed  to  have  some,  which  might 
be  easily  obviated,  by  making  the  winding  up  have  place  on  the  dial, 
the  fusee  square  being  made  to  come  up  as  much  above  the  surface  of 
the  dial,  as  just  to  allow  freedom  for  the  minute  hand  to  pass  freely 
between  the  glass  and  the  top  of  the  fusee  square,  nor  ought  the  hour 
hand  to  be  put  concentric  with  the  minute  hand:  the  custom  of  our 
artists  doing  so,  has  made  any  inconvenience  attending  it  be  over- 
looked. It  is,  however,  obvious,  that  when  the  hour  and  minute 
hands  are  passing  together  over  the  place  where  the  second's  circle 
and  second's  hand  are,  that  this  assemblage  of  all  the  hands,  to  say 
the  least  of  it,  must  create  a degree  of  confusion  at  this  time,  and  give 
more  trouble  to  an  observer  to  take  the  time  so  accurately  as  he  could 
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wish  to  have  it.  Berthoud,  Le  Boy,  and  others  of  the  French  artists, 
always  place  the  hands  of  their  chronometers  separately,  and  from  one 
another,  for  the  reasons  which  have  been  stated,  as  well  as  for  other 
views  they  had,  regarding  the  drawing  the  calipers  of  the  movement 
of  these  machines. 

The  detached  escapement  of  Mudge  was  contrived  more  than  sixty 
years  ago,  if  we  may  reckon  from  the  year  1766,  when  he  showed  it 
to  Berthoud,  who  was  then  in  London,  and  who  informs  us  that  it  had 
been  made  a considerable  time  before.  See  Plate  X.  No.  55. 

This  escapement  is  composed  of  a wheel  and  pallets  like  those 
made  for  the  dead  beat  escapement  of  a clock,  only  the  wheel-teeth 
are  not  cut  half  the  depth.  On  the  verge  or  arbor  of  the  pallets  is 
placed  an  arm  of  some  length,  generally  a little  longer  than  that  of 
the  pallets.  The  end  of  this  arm  is  formed  into  a fork-like  shape. 
On  the  axis  of  the  balance  is  a short  pallet,  whose  acting  end  may 
be  of  a small  circular  form,  having  the  sharp  part  of  the  angles 
blunted,  coming  a little  way  within  the  prongs  of  the  fork,  which  alter- 
nately acts,  and  is  acted  upon.  There  is  also  on  the  axis  of  the  balance 
a small  roller,  having  a notch  in  it.  On  the  end  of  the  arm  is 
attached  a small  steel  piece  or  index,  in  a plane  which  may  either  be 
above  or  below  the  prongs  of  the  fork;  this  index  is  on  the  outside 
of  the  roller,  when  the  free  part  of  the  vibration  is  performing,  and 
prevents  the  wheel-teeth  from  getting  away  from  the  place  of  rest. 
On  the  return  of  the  balance,  the  index  passes  with  the  notch  in  the 
roller  to  the  opposite  side;  meanwhile  the  short  pallet  gets  into  the 
fork,  meeting  with  one  of  the  prongs,  pushes  it  on  a very  little  way, 
and  thus  disengages  the  teeth  of  the  wheel  from  the  circular  part  of 
the  pallet,  where  they  rest  during  the  free  excursions  of  the  balance. 
When  disengaged,  the  teeth  get  upon  the  flanches  of  the  pallet,  and 
give  impulse,  which  causes  the  opposite  prong  of  the  fork  to  come 
forward  on  the  short  pallet,  and  communicate  impulse  to  it.  There 
are  two  short  pallets,  and  the  prongs  of  the  fork  lie  in  different 
planes.  The  impulse  in  this  escapement  is  given  at  every  vibration ; 
and  it  seems  to  have  performed  uncommonly  well  in  the  watch  which 
he  made  for  her  late  Majesty  Queen  Charlotte.  It  is  by  no  means 
suited  for  the  execution  of  ordinary  workmen,  as  it  requires  more 
address  than  usually  falls  to  their  share.  The  late  Mr  Emery  was 
much  taken  up  with  it;  and  although  he  had  a little  success,  and 
had  the  aid  of  a very  excellent  workman,  yet  he  experienced  consider- 
able difficulties.  It  may  be  somewhat  easier  managed,  by  adopting 
Lepaute's  mode  of  Graham's  dead  beat,  which  we  have  tried.  Of 
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late  this  principle  of  Mudge’s  has  been  adopted  in  many  common 
pocket  watches. 

In  1792,  a very  neat  and  ingenious  sort  of  a detached  escapement 
was  contrived  by  the  late  Mr  Howells,  founded  on  that  of  Kendal’s, 
in  whose  hands  he  had  occasion  frequently  to  see  it , in  which  the  wheel- 
teeth  rested  on  the  semi-cylindrical  part  of  the  pallet,  during  a part  of 
the  going  and  returning  vibrations  of  the  balance,  as  has  already  been 
described,  in  that  of  Kendal’s. 

In  this  of  Howells’,  after  impulse  is  given  on  the  face  of  the  semi- 
cylinder, and  just  before  the  tooth  is  quit,  a detent  is  presented  to 
receive  one  of  the  wheel-teeth ; this  locks  it,  by  which  the  action  of 
the  wheels  is  suspended  during  the  greater  part  of  the  going  and 
returning  vibrations,  the  pallet  being  then  free,  and  independent  of  the 
wheels.  This  escapement  is  composed  of  two  crown  wheels,  A B,  A B, 
Plate  X.  No.  56.  on  the  same  pinion  arbor  p p , the  points  of  the 
teeth  of  the  one  wheel  being  opposite  to  the  middle  of  the  spaces  in  the 
other.  On  the  axis  or  verge  of  the  balance  K R,  which  stands  quite 
close  to  that  of  the  balance  or  crown  wheels,  is  a semi-cylindrical  pal- 
let, whose  diameter  should  be  made  according  to  the  angle  of  the 
escapement  required,  which  will  also  regulate  the  distance  of  the  wheels 
from  each  other.  The  pallet  is  put  near  to  the  collet  on  which  the 
balance  is  rivetted;  a small  arbor  at  A,  having  very  fine  or  small  pivots, 
is  run  in  so  as  to  stand  parallel  with  that  of  the  balance,  and  placed  at 
some  distance  outside  of  the  wheels;  but  where  a line  drawn  from  it, 
and  passing  at  equal  distances  from  or  between  the  points  of  the  wheel- 
teeth,  when  continued,  shall  fall  in  with  the  centre  of  the  balance. 
On  this  arbor  is  fixed  an  arm  d d , at  the  inner  end  of  which  is  a small 
fork  and  index;  on  the  verge  or  balance  axis,  and  near  the  lower  end 
is  a short  pallet,  and  a roller  connecting  with  the  fork  and  index,  in 
imitation  of  Mudge’s,  acting  in  the  same  way  as  has  been  described, 
but  here  only  in  the  locking  and  unlocking  part.  Where  the  arm 
passes  between  the  wheel-teeth,  which  may  be  at  ninety  degrees,  or 
so,  from  where  they  act  on  the  pallet,  are  fixed  at  d two  detent  pieces, 
one  for  each  wheel;  opposite  to  the  inside  arm,  and  in  the  same  line 
with  it,  a part  of  it  is  prolonged  beyond  the  small  arbor  at  A,  outside 
of  it  with  a small  ball  on  the  extreme  end  by  way  of  counterpoise; 
near  to  where  two  screws  h 6,  in  fixed  studs  not  represented,  serve 
here  as  a banking.  It  may  easily  be  conceived,  that  one  of  the 
wheels  being  locked,  suppose  that  on  the  left,  the  balance,  when 
returning  from  the  left  to  the  right,  will,  by  means  of  the  short  pallet 
and  forked  arm,  &c.  carry  the  detent  away;  and,  just  as  the  point  of 
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the  tooth  is  free,  the  face  of  the  semi-cylinder  is  presented,  to  meet 
with  a tooth  of  the  same  wheel  and  get  impulse;  but  before  this  tooth 
has  nearly  escaped,  the  other  detent  is  ready  to  receive  a tooth  of 
the  opposite  wheel,  and  so  on.  This  escapement  gives  an  impulse 
at  every  vibration,  as  is  done  in  Mudge’s.  In  the  tenth  volume  of 
the  Transactions  of  the  Society  for  the  Encouragement  of  Arts , 
&c.  there  is  a description  and  drawing  of  this  escapement.  It  may 
be  observed,  that  were  the  semi-cylindrical  pallet  either  faced  with  a 
piece  of  precious  stone,  or  made  wholly  so,  the  escapement  would  go  on 
for  a considerable  time  without  falling  off. 

In  the  marine  time* keepers  which  Mr  Mudge  himself  had  made, 
the  escapement  is  apparently  on  a very  flattering  principle,  which  he 
had  suggested  as  the  means  of  improvement  many  years  before  he 
put  it  in  practice.  Their  good  performance  seems  to  have  been 
unequalled;  and  it  is  singular  that,  notwithstanding  the  efforts  of  three 
or  four  of  the  best  or  ablest  workmen  that  could  be  got  to  the  estab- 
lishment set  up  by  Mr  Mudge,  jun.  in  order  to  put  this  escapement 
of  his  father’s  to  time-keepers,  which  they , the  artists,  were  employed 
to  make,  not  one  was  ever  produced  that  was  at  all  equal  to  the 
original  ones.  This  escapement  is  however,  really  very  complex, 
elaborate,  and  of  course  expensive  in  making;  yet,  when  once  executed, 
it  will  be  permanent  in  its  effect,  and  require  no  after  adjustment 
like  the  common  detached  one.  After  what  has  happened,  it  is  not 
likely,  however,  that  it  will  be  again  adopted. 

The  basis  of  it  is,  that  of  the  curious  old  crown  wheel  and  verge. 
In  place  of  the  verge  being  in  one,  having  two  pivots,  and  the 
balance  ri  vetted  on  it,  let  us  conceive  that  each  of  the  pallets  of  the 
verge  has  an  arbor  and  two  pivots,  and  that  the  balance  is  on  a double- 
kneed  crank,  having  a pivot  at  the  end  of  each  knee,  one  of  which 
may  be  called  the  foot  pivot,  the  other,  the  balance  pivot;  the  piece 
of  steel  from  which  this  last  is  turned  being  in  the  collet  on  which 
the  balance  is  rivetted.  These  pivots,  and  those  of  the  pallet  arbors, 
are  in  one  upright  line,  coinciding  and  concentric  with  one  another, 
having  their  motion,  as  it  wTere,  free  and  independent  of  each  other, 
unless  when  in  their  parts  of  the  action  of  the  escapement,  the  face 
of  the  pallets,  in  place  of  being  flat,  are  hollow  or  a little  curved, 
having  a nib  at  the  edge  to  lock  the  wheel  by.  On  the  lower  end  of 
the  lower  pallet  arbor,  is  an  arm,  projecting  nearly  as  far  as  the  bend- 
ing part  of  the  crank  knee,  in  which  is  fixed  a pin  that  acts  on  the 
inner  side,  and  near  to  the  end  of  the  arm,  and  is  alternately  acted 
upon;  close  by  the  arm,  and  on  the  pallet  arbor,  the  inner  end  of  a 
spiral  spring  is  fixed;  the  outer  end  is  in  a stud,  having  a certain  degree 
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of  tension  or  bending  up  (in  that  direction  which  tends  to  bring 
the  pallets  down  into  the  spaces  of  the  teetli)  before  fixing  it  in  the 
stud.  The  upper  pallet  arbor  has  the  same  as  has  been  described  to 
the  lower  one,  and  a corresponding  pin  in  the  upper  knee  of  the 
crank.  It  may  easily  be  conceived,  that  the  length  of  the  crank  knees 
ought  to  be  such  as  to  allow  it  to  sweep  round  and  behind  the  crown 
wheel,  its  boundary  or  banking  being  that  of  the  crown-wheel  arbor, 
or  its  pinion  arbor.  When  the  pallets  are  not  raised  up,  and  the 
wheel  unlocked,  the  tendency  of  the  spiral  springs  is  to  bring  them 
down  within  the  spaces  of  the  crown-wheel  teeth.  Suppose  the 
upper  pallet  raised  up,  and  the  wheel  locked,  the  under  one  being  in 
the  reverse  position,  and  the  balance  vibrating  towards  the  right,  the 
pin  in  the  upper  crank  will  of  course  meet  with  the  small  arm,  and 
carrying  it  on  a little  way,  the  wheel  tooth  gets  disengaged ; by  this, 
the  wheel  getting  forward,  the  lower  pallet  is  raised  up,  and  the  wheel 
is  again  locked.  In  the  interim,  the  upper  arm  being  carried  on  a 
few  degrees,  by  means  of  the  momentum  of  the  balance  in  vibrating, 
bends  up  the  spiral  still  more  than  what  was  done  by  the  wheel  in 
raising  up  the  pallet;  the  reaction  of  which,  on  the  returning  vibra- 
tion, gives  impulse,  by  means  of  the  arm  on  the  pin  of  the  crank. 
The  pin  in  the  lower  crank  now  getting  forward,  meets  with  the 
arm  of  the  lower  pallet  arbor,  carries  it  on,  the  wheel  gets  disen- 
gaged, and  so  on.  This  escapement  cannot  set  itself  off;  for,  before 
this  can  be  effected,  the  plane  of  the  balance  must  get  some  degree 
of  external  circular  motion.  The  balance  may  be  said  to  be  free  in 
that  part  of  the  vibration,  after  the  pin  of  one  crank  has  left  its 
corresponding  arm,  till  the  pin  of  the  other  meets  with  its  arm;  this 
is,  however,  so  momentary,  that  it  has  no  claim  to  the  title  of  a free 
or  detached  escapement,  as  so  called  by  a distinguished  artist, — a 
name  which  foreign  artists  will  think  rather  an  improper  one. 
Berthoud  says,  it  is  one  of  the  most  ingenious  remontoir  escapements 
hitherto  known.  The  balance  had,  on  its  arbor,  two  spirals  or  pen- 
dulum springs,  for  the  purpose  of  obtaining  the  most  isochronous 
vibrations.  Something  in  this  way  had  formerly  been  proposed  by 
one  of  the  Bernouillis.  Drawings,  and  a more  detailed  description 
of  this  escapement,  will  be  found  in  the  work  published  by  Mr 
Thomas  Mudge,  junior,  entitled,  “ A Description , with  plates , of  the 
Time-Keeper  invented  by  his  father.  By  Thomas  Mudge,  junior. 
London,  printed  for  the  Author,  1799.”  The  compensation  work  in 
this,  like  every  thing  of  Mudge’s,  is  ingenious;  though  nothing  of 
this  kind  can  ever  be  equal  to  that  of  being  in  the  balance  itself. 
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The  train  of  wheels  went  contrary  to  the  ordinary  direction,  and  we 
have  no  satisfactory  reason  assigned  for  it. 

The  foregoing  description  of  this  escapement  of  Mudge’s  may 
perhaps  be  rendered  more  intelligible,  by  having  recourse  to  the 
letters  in  Plate  VI.  Nos.  32,  33,  which  represent  the  escapement 
under  different  views,  the  letters  referring  to  the  same  parts  in  both 
figures.  A A,  the  balance  wheel : B B,  the  balance,  the  verge  or 
axis  of  which  0 0,  is  a crank : F,  the  pendulum  spring,  by 
means  whereof  the  time-keeper  is  regulated : Gr,  the  pendulum 
spring  stud,  which  is  screwed  on  the  cock:  H,  the  pendulum  spring, 
which  is  acted  upon  by  the  compensation  pieces:  I,  the  stud  which 
is  screwed  on  the  upper  plate : D,  a e k m,  and  E,  b f i /,  are  two 
compound  pieces,  which  communicate  the  motion  from  the  balance 
wheel  to  the  balance,  and  consist  of  the  following  parts,  viz.  the 
projections  or  pallets  l m,  which  are  acted  upon  by  the  teeth  of  the 
balance  wheel,  and  were  made  of  black  flint  in  the  original  time- 
keeper, but  they  may  be  made  of  ruby,  sapphire,  or  other  hard  stone; 
a and  b , steel  arms,  which  act  upon  the  pins  c d of  the  balance  crank; 
e and  f the  impelling  springs  which  are  attached  to  the  arbors  of 
the  pallets  at  the  inner  ends,  and  to  the  studs  g and  h at  the  outer 
ends ; i and  small  screws  which  fix  the  pallets  to  the  arbors 
by  means  of  the  clamps  or  pieces  of  steel  D and  E;  1 and  2,  are 
separate  views  of  the  pallets  and  their  springs.  Having  mentioned 
all  the  parts  of  the  escapement,  we  shall  now  attempt  to  describe  its 
action. 

When  the  balance  wheel  (as  appears  in  No.  33.)  has  raised  the 
pallet  l , this  is  kept  from  going  any  farther  by  the  hook  at  the  end 
of  it,  until  the  pin  d , in  the  crank,  meets  the  arm  &,  for  then  the  crank 
will  carry  on  with  itself  the  arm  b to  the  end  of  its  vibration,  and  at 
the  same  time,  the  tooth  of  the  wheel  will  be  disengaged  from  the 
above-mentioned  hook  at  l.  Afterwards,  as  the  crank  returns,  the 
arm  6,  actuated  by  its  spring  f,  will  communicate  an  impulse  to  the 
crank,  and  soon  after  its  crooked  part  will  come  to  rest  against  one 
of  the  teeth  of  the  wheel,  which  again  raises  the  pallet  l.  With 
respect  to  the  balance  wheel,  as  soon  as  its  tooth  is  disengaged  from 
the  pallet  l , by  the  means  above  stated,  it  raises  the  pallet  m , which, 
on  the  returning  vibration  of  the  balance,  is,  by  the  pin  £,  acting  on 
the  arm  a,  carried  on  in  a contrary  direction,  after  the  manner  men- 
tioned respecting  the  other  pallet,  and  thus  the  springs  attached  to 
the  two  pallets,  alternately  give  their  auxiliary  aid  to  the  vibrations 
of  the  balance. 

It  may  perhaps  gratify  the  reader  to  have  Berthoud’s  observations 
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on  this  escapement.— “ The  assemblage  of  parts  in  this  escapement 
may  appear  seducing;  however,  it  is  to  be  dreaded,  that  a mechanism 
so  complicated,  and  the  action  of  whose  parts  is  so  delicate,  cannot 
be  easily  put  in  practice ; for  it  requires  an  extreme  niceness  of  execu- 
tion to  make  their  effect  sure  and  certain,  such  as  the  stop  for  the 
pallets,  to  make  the  axis  of  the  pallets  coincide  exactly  with  that 
of  the  balance,  the  pallets  of  the  remontoir  increasing  the  friction 
of  the  regulator;  two  pivots  of  these  pallets  are  constantly  in  action 
during  each  vibration,  which  comes  to  the  same  thing  as  if  the  balance 
had  four  pivots,”  &c. 

“We  shall  observe,  moreover,  that  the  regulator  of  Mr  Mudge  is 
composed  of  four  spiral  springs,  two  for  the  pallets,  and  two  for  the 
balance;  and  these  ought  to  procure  isochronism;  for  it  is  indispens- 
ably necessary,  that,  in  a portable  machine,  the  oscillations  of  unequal 
extent  of  the  balance  should  be  isochronous;  now,  if  they  are  so,  the 
mechanism  of  the  remontoir  is  of  no  use,  and,  if  they  are  not  so,  the 
watch  will  vary,  notwithstanding  the  remontoir , when,  from  agitation 
or  shocks  the  balance  shall  describe  greater  or  less  arcs;  and  also 
when  these  arcs  shall  vary  either  by  the  friction  of  the  pivots,  or  by 
a change  of  force  in  the  spirals  by  heat  or  by  cold,”  &c. 

Although  the  balance  in  pocket- watches  may  be  put  tolerably  near 
to  the  equilibrium,  yet  many  circumstances  contribute  to  make  them 
go  unequally  in  different  positions,  such  as  in  hanging,  laying,  &c. 
which  require  time,  and  give  a great  deal  of  trouble  before  they  can 
be  completely  corrected.  In  order  to  get  the  better  of  this,  Breguet , 
an  eminent  watch-maker  in  Paris,  contrived  an  escapement,  which, 
with  the  pendulum  spring  stud,  revolved  round  the  centre  of  the 
balance  once  every  minute.  By  this  means,  whether  the  balance  was 
in  equilibrium  or  not,  the  going  of  the  watch  was  little  affected  by  it, 
as  every  part  of  it  was  up  and  down  in  the  course  of  a minute,  which 
compensated  any  want  of  equilibrium  in  it.  This  contrivance  is 
merely  mentioned  by  Berthoud  in  his  Histoire , as  he  did  not  think 
himself  at  liberty  to  give  any  description  of  it,  since  Breguet  had  a 
patent  or  brevet  d? invention  to  make  them.  We  have  been  informed 
that  the  same  sort  of  thing  had  been  made  before  by  the  late  Mr 
John  Arnold,  to  whom  Breguet  had  acknowledged  having  copied  the 
invention  from  him. 

Those  who  wish  for  farther  information  respecting  escapements, 
may  consult  Traite  d' Horlogerie,  par  M.  Thiout  Histoire  de  la 
Mesure  du  Temps , par  M.  J.  Berthoud.  And  the  Transactions  of  the 
Society  for  the  Encouragement  of  Arts,  Commerce , &c. 
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CHAPTER  IX. 

On  Compensation  Curbs , and  Balances. 

Compensation  against  the  effect  of  heat  and  cold  in  time-keepers, 
is  certainly  one  of  the  greatest  improvements  that  has  been  made. 
Without  this,  they  would  have  been  far  from  keeping  time,  and 
would  have  varied  continually  with  the  temperature  of  the  atmosphere, 
so  that  no  fixed  or  settled  rate  could  have  been  obtained.  The 
detached  escapement  will  show  this  more  than  any  other ; for,  if  there 
is  no  compensation  to  it,  the  watch  will  vary  nearly  thirty  seconds  in 
twenty-four  hours.  The  influence  of  oil  in  the  cylinder  escapement 
becomes  in  itself  a sort  of  compensation,  and  the  effect  of  changes 
of  temperature  is  much  less  obvious  in  it  than  in  the  detached  escape- 
ment. There  is  very  great  reason  to  believe  that  Harrison  was  the 
first  who  applied  a compensation;  but  there  is  no  written  documents 
to  warrant  us  in  ascribing  to  him  the  honour  of  the  invention,  to 
which,  however,  we  think  he  has  a just  title.  Some  very  imperfect 
hints  thrown  out  by  Martin  Folkes,  Esq.  about  1749,  of  Harrison 
having  some  mechanism  of  this  sort  to  the  three  time-pieces  made 
prior  to  a fourth,  which  gained  the  reward  voted  by  Parliament. 
But  as  no  description  of  this  was  ever  published,  the  French  artists 
have  had  it  in  their  power  to  claim  the  priority  in  the  invention.  In 
Harrison’s  fourth  machine,  it  is  known  that  the  compensation-piece 
was  composed  of  laminae  of  brass  and  steel  pinned  and  rivetted 
together  in  several  places.  Perhaps  those  in  the  three  former  differed 
little  or  nothing  from  this. 

The  first  pocket-watch  made  in  Europe  with  a compensation  was 
by  F.  Berthoud.  It  was  begun  in  1763,  finished  the  beginning  of 
1764,  and  was  sold  in  London,  in  1766,  to  Mr  Pinchbeck,  for 
his  Britannic  Majesty  King  George  the  Third.  The  compensation 
was  effected  by  laminae  of  brass  and  steel  pinned  together,  one  end 
of  which  being  fixed  to  the  potence  place  outside,  the  other  acted 
on  a short  arm  projecting  from  a movable  arbor, — a longer  arm 
having  the  curb  pins  in  it,  which  were  made  to  move  nearly  in  the 
circle  of  the  outer  coil  of  the  spiral  spring.  It  had  a common  crown- 
wheel and  verge-escapement,  and  a going  work  in  time  of  winding. 
The  balance  was  so  heavy  as  to  set,  (that  is,  if  the  balance  was 
brought  to  rest  by  the  finger,  it  would  remain  so,  till  set  off  by  a circular 
motion,)  being  sixteen  grains  in  weight,  and  the  vibrations  were 
four  in  a second.  Mr  Kendal  adopted  this  mode  of  compensation 
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in  some  of  his  pocket- watches.  See  Fig.  4.  Plate  XVI.  of  13er- 
thoud’s  Histoire , &c. 

Mudge,  some  time  before  the  year  1770,  made  a watch  for  Mr 
Smeaton,  in  which  the  compensation  was  effected  by  two  long  slips 
of  brass  and  steel  soldered  together;  being  afterwards  dressed  up, 
the  united  piece  was  coiled  or  turned  up  into  a spiral,  as  close 
together  on  the  coils  as  to  be  free,  and  no  more.  The  inner  end  was 
fixed  to  a circular  curbed  toothed  wheel;  a short  portion  of  the  outer 
end  had  a sort  of  pivot  formed  on  it,  and  bent  in  the  circle  of  the 
outer  coil,  and  supported  by  a small  stud  fixed  in  the  curb  wheel, 
having  freedom  to  move  easily  in  a hole  in  this  stud.  At  this  end 
were  the  curb  pins,  between  which  the  spiral  or  pendulum  spring 
played ; the  effect  of  heat  or  cold  on  it  was  counteracted  by  the  spiral 
compensation  piece.  The  escapement  of  this  watch  was  the  cylindrical 
or  horizontal  one;  and  so  long  as  the  oil  kept  clean  and  fresh,  the 
compensation  might  be  useful  to  it.  In  1774,  we  made  one  or  two  of 
the  same  sort  of  compensation-curb  work  for  horizontal  watches.  At 
that  time  no  better  kind  of  escapement  and  compensation  were  much 
known,  at  least  so  far  as  came  under  what  was  then  in  the  common 
practice. 

Notwithstanding  what  has  been  already  mentioned,  it  may  be 
proper  to  observe,  that  an  artificial  compensation  against  the  effects 
of  heat  and  cold  on  the  pendulum  spring,  can  be  of  little  or  no  use  to 
a watch  having  the  cylinder  escapement,  unless  for  a short  time,  while 
the  oil  is  clean  and  fresh  on  the  cylinder.  From  the  nature  of  this 
escapement,  and  the  oil  which  is  requisite  for  it,  it  possesses  in  itself 
a kind  of  natural  compensation,  as  we  have  mentioned  before.  This 
is  quite  otherwise  with  the  free  or  detached  escapement,  which  is  more 
perfect  and  independent  of  oil;  for  the  effect  of  heat  and  cold  on  the 
pendulum  spring  in  it  are  so  immediately  obvious,  as  to  show  that 
it  cannot  do  well  without  an  artificial  compensation  to  correct  those 
effects. 

In  the  voyage  undertaken  for  the  trial  of  Le  Roy’s  time-keeper  in 
1768,  an  account  of  which  was  published  by  M.  Cassini,  in  1770, 
along  with  the  description  and  drawings  of  that  time-keeper.  In 
this  book,  Le  Roy  has  given  that  of  a compensation  balance,  which 
is  pretty  nearly  like  those  of  the  present  day,  only  the  laminae  are 
pinned  together,  in  place  of  the  brass  being  melted  on  the  steel,  as 
is  done  by  our  artists.  The  compensation  of  Le  Roy’s  time-keeper, 
however,  was  not  of  this  kind.  It  consisted  of  two  glass  tube 
thermometers,  bent  nearly  into  the  form  of  a parallelogram,  with  a 
small  ball  to  each  at  one  end ; the  other  open,  and  filled  partly  with 
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mercury,  partly  with  spirit  of  wine:  these  were  fixed  to  the  axis  of 
the  balance  opposite  one  another;  the  balls  lay  very  near  to  the 
axis.  It  would  appear  that  Le  Roy  had  not  thought  of  a metallic 
compensation,  until  the  return  of  his  time-keeper  from  the  voyage. 
He  had  taken  the  idea  of  this  from  getting  an  account  of  Harrison's 
which  was  sent  to  the  Royal  Academy,  signed  by  Ludlam,  who  was 
one  of  the  scientific  gentlemen  appointed  by  the  Commissioners  of  the 
Board  of  Longitude,  to  take  Harrison's  account  of  his  time-keeper, 
previous  to  any  part  of  the  reward  being  paid  to  him. 

In  a Life  of  Peter  Le  Roy,  the  son  of  Julien,  the  method  of 
compensation  is  erroneously  ascribed  to  that  artist's  father,  44  to  whom 
we  are  indebted,"  says  the  writer  of  the  article,  44  for  the  method  of 
compensating  the  effect  of  heat  and  cold  on  the  balances  of  chrono- 
meters, by  the  unequal  expansion  of  different  metals.  This  effect 
takes  place  chiefly  on  the  pendulum  spring , and  a plain  balance  is  very 
little  affected , — a discovery  which  has  been  brought  by  our  English 
artists  to  a state  of  great  perfection,  although  it  had  been  laid  aside 
by  the  inventor’s  son  Peter.” 

It  is  difficult  to  understand  how  this  mistake  should  have  been 
committed;  for  the  following  account  of  the  discovery,  given  by  Peter 
Le  Roy  himself,  is  in  direct  contradiction  to  the  preceding  state- 
ment; but,  to  allow  the  reader  to  judge  for  himself,  we  shall  give  it 
in  his  own  language. 

44  Observation  V. — Sur  la  Compensation  des  Effets  de  la  Chaleur 

et  du  Froid. 

44  Selon  la  gazette  du  commerce,  et  la  raport  signe  Ludlam,  envoye 
A l'academie,  pour  remedier  aux  irregularites  produites  dans  les 
montres  marines  par  la  chaleur  et  par  le  froid,  M.  Harrison  se  sert 
d'une  bar  re  composee  de  deux  pieces  minces  de  cuivre  et  deader  de  la 
longeur  de  deux  polices,  rivees  ensemble  dans  plusieurs  endroits , fixees  par 
un  bout , et  ayant  de  V autre  deux  goupilles  au  tracers  desquelles  passe  le 
ressort  du  balancier.  Si  cette  bar  re  reste  droit  dans  le  terns  temper  e 
( comme  le  cuivre  re^oit  plus  V impression  de  la  chaleur  que  Vacier,)  le 
cote  de  cuivre  deviendra  convex  au  terns  chaud , et  le  cote  (F acier  le  sera 
au  terns  froid.  Ainsi  les  goupilles  fixent  tour-d-tour  les  parties  du  ressort , 
selon  les  differens  degres  de  chaleur , it  Valongent  ou  le  recourcissent : cVou 
nait  la  compensation  des  effets  du  chaud  et  du  froid. 

44  Si  j’avois  connu  cette  ingenieuse  methode  avant  d'avoir  pense  a 
mes  thermometres,  je  n'aurois  vraisemblablement  point  hesite  a en 
faire  usage  dans  ma  machine. 

44  J'ai  balance  quelque  terns  si  je  ne  devois  pas  lui  donner  la  pre- 
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ference.  J’ai  meme  fait  quelques  essais  dans  cette  vue.  J’en  par- 
lerai  bientot,  mais  apres  y avoir  pense  murement,  et  avoir  mis  a part, 
autant  qu’il  m’a  ete  possible,  ce  penchant  qui  nous  parle  en  faveur  de 
nos  productions,  mes  thermometres  m’ont  paru  preferable,”  &c.  &c. 
See  Memoir  sur  la  meilleur  Maniere  du  Mesurer  le  Terns  en  Mer , 
pp.  55,  56,  inserted  at  the  end  of  Voyage  fait  par  ordre  du  Boi , in 
1768,  pour  eprouver  les  montres  marines  imentees  par  M.  Le  Roy,  &c. 
par.  M.  Cassini,  fils,  Paris,  1770. 

As  must  always  be  the  case  in  the  infancy  of  any  branch  of  science, 
various  methods  are  fallen  on  before  it  arrives  at  its  most  improved 
state.  Berthoud,  Arnold,  and  others,  had  recourse  to  different  modes, 
of  compensation,  before  they  arrived  at  the  one  which  gave  them 
complete  satisfaction.  The  former,  in  his  first  machines,  used  small 
wires  of  brass  and  steel  combined,  nearly  like  the  gridiron  pendulum, 
to  effect  the  purpose  of  compensation;  to  those  of  a later  date  was 
applied  a straight  piece,  composed  of  laminae  of  brass  and  steel  pinned 
together,  acting  on  the  arm  of  a short  lever.  In  the  end  of  the 
other  arm,  which  was  long,  the  curb-pins  were  fixed.  Even  with 
those  balances  which  were  afterwards  made,  and  composed  of  brass 
and  steel  pinned  together,  he  adopted  as  a supplementary  aid,  the 
straight  compensation-piece,  with  the  movable  arm  and  curb-pins. 
Considering  the  talents  he  possessed,  and  the  great  experience  wdiich 
he  must  have  had,  this  seems  a little  curious;  as,  we  think,  where 
there  is  a complete  compensation  in  the  balance,  it  alone  should  be 
sufficient;  and  the  curb  pins  would  tend  to  disturb  the  pendulum 
spring  rather  than  give  any  aid  to  the  compensation.  The  more  free 
the  pendulum  spring  is,  the  chance  is  more  in  favour  of  good  perform- 
ance; and  this  is  more  likely  to  be  the  case,  when  the  compensation 
balance  is  supposed  to  be  fit  and  competent  for  what  is  required.  In 
some  of  Arnold’s  balances,  two  pair  of  laminse  were  placed  parallel  to 
the  diametrical  arms;  on  the  middle  of  each  of  the  combined  laminse 
was  fixed  a small  wire,  which  came  through  the  rim  of  the  balance, 
outside  of  which,  and  on  the  end  of  the  wires,  a small  ball  was  fixed  to 
each.  These  balls  were  pushed  out  or  drawn  inwards  by  changes  of 
temperature.  The  arguments  given  in  favour  of  such  balances,  as 
those  of  Earnshaw’s  which  are  turned  first  on  the  steel,  and  again  on 
the  brass,  after  being  melted  on  the  steel,  are  certainly  very  strong 
and  convincing,  indeed,  nothing  can  well  be  said  against  them;  yet 
there  appears  to  be  a degree  of  softness  in  such  a balance,  that  cannot 
exist  so  readily  in  those  wrhere  the  laminse  are  set  or  turned  up  by  the 
hand.  There  is  undoubtedly  a great  deal  more  trouble  in  making  the 
last;  and  though  it  has  been  said,  that  they  cannot  be  true  or  round, 
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when  made  in  this  way,  yet  we  have  seen  some  of  those  done  by 
Owen  Robinson,  as  round  and  true  as  any  turning  could  make  them, 
and  possessing  a degree  of  stiffness  that  cannot  be  supposed  to  have 
place  in  the  other:  they  have  been  even  unscrewed,  or  taken  to  pieces, 
and  again  put  together,  without  altering  the  rate  of  the  chronometer. 
After  all,  we  are  not  aware  that  chronometers,  with  the  one  balance, 
perform  better  than  those  with  the  other. 

It  may  be  observed,  that  on  the  rim  of  the  turned  balances,  which 
is  separated  into  two,  there  are  small  pieces  of  brass,  made  to  slide 
backward  and  forward,  according  as  it  may  be  found  requisite,  when 
under  the  process  of  adjusting  for  heat  and  cold.  In  the  other,  this 
is  done  by  screwing  backward  and  forward  the  pieces  of  brass  or 
gold,  which  turn  spring  tight  on  small  tapped  parts,  formed  at  the 
outer  end  of  the  steel  laminse,  and  are  bent  or  set  in  the  same  circle 
with  them.  Both  balances  have  what  are  called  mean-time  screws, 
placed  in  the  vertical  line  of  the  hanging  position,  which  serve  with 
other  minute  operations  to  adjust  them  to  their  rate  of  time.  W e 
have  seen,  and  made  compensation-balances  with  three  arms,  three 
compound-pieces,  and  three  mean-time  screws,  which  were  stiff,  and 
answered  very  well. 

Plate  X.  No.  57,  represents  the  compensation  balance  of  Arnold; 
a b is  a steel  rim,  on  which  three  pieces  are  put  so  as  to  slide  here 
and  there,  in  order  to  adjust,  in  some  degree,  the  equilibrium  of  the 
balance;  c c are  pieces  of  gold,  which  turn  spring  tight  on  the  tapped 
parts  formed  from  the  ends  of  the  steel  lamina;  e e are  small  screws 
put  in  through  the  compound  laminse,  serving  to  adjust  for  small 
differences,  as  the  mean-time  screws,  d d , do  for  greater  portions  of 
time,  &c.  No.  1.  is  a side  view  of  the  balance. 

No.  58,  represents  Earnshaw1s  compensation  balance;  d d are  the 
brass  pieces  having  a groove  turned  in  them,  by  which  they  take  in 
the  compound  rim  of  the  balance,  and  can  be  made  to  slide  back  and 
forward  on  it;  c c are  screws  which  fix  them  to  the  rim,  after  the 
adjustment  for  heat  and  cold  is  completed;  a a are  the  screws  which 
adjust  to  mean  time.  No  1 . is  a side  view  of  the  balance. 

A compensation  balance  of  Berthoud’s  is  represented  in  Plate  X. 
No.  59.  A B is  a plain  circle  of  the  balance,  from  the  inner  part  of 
which,  a sort  of  contrate  rim  is  formed,  so  as  to  receive  at  a.  5,  and  c, 
the  compound  laminae  e d,  e d,  e d ; the  ends  e of  these  laminse  are 
fixed  upon  the  heels  or  parts  reserved  of  the  contrate  rim  at  a,  5,  e,  by 
the  screws  e.  The  ends  that  are  free  carry  the  compensation  weights 
ODE.  These  weights  or  masses  are  fixed  on  the  compound  laminse, 
each  by  a screw  and  two  steady  pins.  By  this  disposition  of  the 
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balance,  when  these  masses  are  put  of  such  a weight  as  to  regulate  the 
chronometer  to  time  nearly,  the  balance  being  in  equilibrium,  if  the 
compound  laminae  are  well  executed,  the  balance  will  keep  its  state 
of  equilibrium,  although  the  masses  recede  from,  or  approach  towards 
the  centre  of  the  balance  by  changes  of  temperature,  and  the  effect 
of  such  a regulator  will  be  as  invariable  as  if  the  balance  was  a plain 
one.  The  plain  circle  of  the  balance  carries  three  small  pieces  of 
brass  or  gold,  d , d , d,  which  serve  to  regulate  the  chronometer  to  the 
nearest,  in  giving  them  more  or  less  of  weight. 

Plate  X.  No.  60,  represents  the  outside  of  the  potence  plate,  B B, 
of  the  wheel- work  frame;  it  carries  the  balance  and  mechanism  for 
correcting  the  effect  of  heat  and  cold  on  the  pendulum  spring,  1,  2, 
o,  4,  the  top  parts  of  the  pillars  by  which  the  frame  is  pinned 
together;  0 0 represents  a plain  balance;  but  in  this  case  it  may  be 
supposed  to  be  a compound  or  compensation  one.  D E is  the  cock  for 
the  balance,  and  also  for  the  lever,  in  which  are  put  the  curb  pins  for 
the  spiral  spring;  the  sole  D is  fixed  to  the  potence  plate;  E being 
the  cock  for  the  arbor  of  the  lever  arms,  which  serve  to  move  the  curb 
pins,  f is  a part  attached  to  the  upper  side  of  the  small  cock  E,  and 
carries  the  lower  pivot  of  the  balance.  The  double  cock,  D E,  is  seen 
in  profile.  D E is  the  first  cock,  which  is  attached  to  the  potence 
plate,  the  end  e receives  the  pivot  e of  the  axis  d e , of  the  lower  curb 
pin  arbor,  the  pivot  d enters  into  the  hole  d of  the  second  cock  E,  d; 
the  arm  b , or  pallet  of  the  curb  pin  lever  a b , is  that  upon  which  the 
screw  of  the  compound  laminae  acts,  the  arm  a carries  the  box  or  piece 
c a , in  which  it  is  slit  at  a , forming  kind  of  pins  for  the  spiral  to  play 
between.  It  is  the  motion  of  the  part  a which  forms  the  compensa- 
tion in  rendering  the  spiral  spring  longer  or  shorter,  the  small  part 
f of  the  cock  receives  the  pivot  of  the  balance.  The  axis  of  the 
balance  passes  through  the  hole  of  the  axis  d e , which  is  formed  in 
the  manner  of  a cannon ; above  the  piece  f which  may  have  either  a 
brass  or  a jewelled  hole  in  it,  should  be  placed  either  a diamond  or 
ruby  for  the  end  of  the  balance  pivot  to  work  on ; it  will  be  the 
lowest,  when  the  watch  is  placed  horizontally,  the  dial  upward,  a b 
is  the  lever  or  arm  for  the  curb  pins,  and  b , the  one  on  which  the 
screw  c of  the  compound  lamina  d b acts;  G H is  a cock  with  chops, 
between  which  the  compound  laminae  are  fixed,  d b is  a small  and 
delicate  spring  which  constantly  presses  the  arm  b against  the  point 
of  the  screw  c.  The  spiral  spring  must  be  placed  quite  near  to  the 
balance  C C,  and  above  it.  The  cock  E lies  above  the  spiral,  so  as 
the  curb  pins  may  come  so  far  below  as  to  take  the  spiral  between 
them. 
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CHAPTER  X. 

On  the  Balance  Spring  of  Watches  and  Chronometers , commonly  called 
the  Pendulum  Spring. 

The  invention  and  application  of  the  spiral  spring  to  the  balance 
of  a watch,  is,  by  the  foreign  artists  in  general,  ascribed  to  Huygens, 
while  they  admit  the  idea  of  a straight  spring  having  been,  long 
before  this,  applied  by  Dr  Hooke.  It  was  in  ] 60S  that  Dr  Hooke 
observed  the  restorative  force  of  springs,  when  he  put  one  to  the 
balance  of  a watch,  and  applied  for  a patent  to  secure  his  right  of 
invention.  The  profits  were  to  be  divided  between  himself,  Sir  Robert 
Moray,  Mr  Boyle,  and  Lord  Brouncker.  It  was  not  carried  into 
effect,  in  consequence  of  a quarrel  between  the  parties,  on  account  of 
a very  unreasonable  demand  on  the  part  of  these  gentlemen.  Nor 
was  it  till  1674  that  Huygens  claimed  the  same  discovery.  Hooke 
charged  Huygens  with  plagiarism,  through  the  intervention  of  Mr 
Oldenburgh,  Secretary  to  the  Royal  Society,  who  communicated  to 
him  the  registers  of  the  Society  when  he  was  in  England,  and  also 
corresponded  with  him  upon  the  subject.  In  1665,  Sir  Robert  Moray 
requests  Oldenburgh  to  tell  Huygens  that  such  watches  had  already 
been  made  in  England,  and  to  ask  him,  if  he  does  not  apply  a spiral 
spring  to  the  balance  arbor?  It  may  be  asked,  where  had  Sir 
Robert  seen  a spiral  spring  ? The  natural  answer  is,  that  he  must 
have  seen  it  in  the  hands  of  Dr  Hooke.  The  Doctor,  however,  had 
for  long  kept  his  invention  tenaciously  secret,  under  a sort  of  enigma , 
a practice  which  seems  to  have  prevailed  about  that  period  with  things 
— in  this  way,  the  letters  of  which  were  ceiiinossstt  u u,  that 
is,  ut  tensio  sic  vis , or  the  power  of  any  spring  is  in  the  same  propor- 
tion with  the  tension  thereof. 

As  Montucla  appears  to  be  the  only  foreigner  who  allows  the 
invention  and  application  of  the  balance  spiral  spring  to  Dr  Plooke, 
we  shall  transcribe  what  he  says  on  the  subject,  from  his  Histoire  des 
Matliematiques , Tome  II.  p.  488. 

“ A detail  of  the  inventions  and  of  the  new  fancies  of  Dr  Hooke, 
would  be  extremely  prolix,  readers  must  have  recourse  to  his  nume- 
rous writings,  which  will  justify  the  eulogium  we  have  just  now  made 
him.  We  shall  here  confine  ourselves  to  a mark  of  his  sagacity,  it  is 
the  application  of  the  spring  to  regulate  the  motion  of  watches.  This 
invention,  so  fortunate,  and  which  is  ordinarily  ascribed  to  Huygens, 
appears  to  me  to  be  legitimately  claimed  by  Dr  Hooke.  We  actually 
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find  ill  the  history  of  the  Royal  Society  of  London,  (Part  II. 
ch.  36.)  among  the  titles  of  manuscripts  presented  to  that  Society, 
before  it  published  its  Transactions , we  find  what  evidently  con- 
cerns this  application.  Now  this  history  appeared  in  1668,  several 
years  before  there  was  a question  in  France  about  any  thing  of  the  kind. 
Dr  Hooke  says  that  he  had  made  the  discovery  about  the  year  1660, 
(see  Lectures  on  the  spring),  and  communicated  it  to  Messrs  Broun cker 
and  Moray,  as  a specimen  of  some  more  inventions  that  he  said  he 
was  in  possession  of,  and  which  must  give  the  solution  of  the  famous 
problem  regarding  the  longitude;  but  not  being  at  one  with  these 
gentlemen,  on  the  articles  of  agreement  to  be  contracted  between  them, 
he  would  not  disclose  his  secret,  so  kept  it,  and  carried  it  away  with  him. 
We  shall  remark,  that  when  Huygens  published  in  1674  this  use  of 
the  spring,  Hooke  was  very  indignant  at  it.  He  raised  a very  sharp 
process  against  Mr  Oldenburgh,  the  Secretary  to  the  Royal  Society, 
accusing  him  of  collusion,  and  of  making  known  to  learned  foreigners 
discoveries  deposited  in  the  registers  of  the  Royal  Society ; but 
it  was  nowise  necessary  that  Oldenburgh  should  commit  this  indis- 
cretion, seeing  that  the  invention  of  which  we  speak,  transpired ; for 
the  book,  quoted  above,  appeared  in  French,  about  the  year  1669, 
and  perhaps  it  was  from  it  that  Huygens  and  the  Abbe  Hautefeuille, 
who  disputed  this  discovery  in  a court  of  law,  took  the  first  idea  of  it. 
Moreover,  Huygens  had  already  been  several  times  in  England,  and 
it  is  to  be  presumed,  that  during  his  residence  there,  he  would  care- 
fully get  what  information  he  could  of  all  the  inventions  of  the  learned 
of  the  country.  As  to  what  Waller,  in  the  life  of  Hooke,  says  giving 
him  also  the  right  of  the  cycloid  to  render  the  motion  of  the  pendu- 
lum perfectly  equal,  that  is  not  well  founded.  There  is  nothing  in 
the  work  that  supports  Waller,  namely,  the  remarks  of  Hooke  on  the 
Machina  Celestis  of  Hevelius,  which  favours  the  pretension,  they 
having  to  do  only  with  the  circulating  pendulum,*  which  indeed  seems 
may  be  justly  claimed  for  Hooke.  It  is  true,  among  the  titles  of 
writings  cited  above,  they  touch  at  the  application  of  the  cycloid  ; 
but  it  is  probable  that  this  writing  is  from  Huygens  himself,  who  was 
a member  of  the  Royal  Society,  and  who  was  at  London  in  1665. 
Moreover,  we  are  warranted  to  think  that  Hooke  was  not  so  profound 
a mathematician  as  to  make  a discovery  of  this  nature.'” 

Being  highly  favoured,  by  a gentleman,  a descendant  of  the  noble 
family  of  Kincardine,  (to  whose  father  we  had  the  pleasure  of  being 


* The  circulating  pendulum  was  contrived  by  Hooke  for  the  purpose  of  illustrating  the 
motion  of  the  planets,  and  for  measuring  small  portions  of  time.  It  has  of  late  years  been 
introduced  into  steam-engines  as  a regulator  for  the  fly. 
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introduced,  at  a convivial  party  in  the  year  1782,)  with  the  perusal  of 
a large  collection  of  very  valuable  MS.  letters,  about  to  be  deposited  in 
the  British  Museum,  which  embrace  a correspondence  between  Chris- 
tian Huygens  de  Zulichem,  the  celebrated  philosopher  and  astronomer, 
the  Earl  of  Kincardine,  Sir  Robert  Murray,  Lord  Brouncker  and  others; 
on  a variety  of  useful  and  highly  interesting  subjects;  the  first  of  these 
letters  is  dated  September  1657,  and  the  latest  in  1673;  among  other 
subjects,  illustrative  of  the  spirit  and  character  of  the  times,  medicine, 
agriculture,  draining  of  mines,  and  other  mechanical  inventions,  are 
introduced  by  the  respective  writers.  The  letters  relative  to  our 
subject  were  with  Huygens  in  the  years  1633,  64  and  65,  concerning 
what  they  called  pendule  watches,  which  probably  were  no  other  than 
the  old  common  watches,  to  which  were  applied  a spiral  spring  to  the 
balance,  at  that  period  a new  invention;  or  the  movement  of  these 
pendule  watches  might  be  such  as  that  of  Huygens,  represented  No. 
44,  Plate  VIII. 

Lord  Brouncker,  the  honourable  Mr  Boyle,  and  Sir  Robert  Murray, 
who  were  before  this,  say  1660,  in  terms  with  Dr  Hooke,  to  get 
a patent  for  his  invention  of  the  spiral  spring  and  its  application  to 
the  balance  of  a watch,  but  not  willing  to  fulfil  their  engagement  with 
him,  on  account  of  a very  unreasonable  clause  which  they  wished  to 
have  inserted  in  Hooke's  patent,  with  which  he  very  indignantly 
refused  to  comply.  The  clause  was,  44  That  if  after  I had  discovered 
my  inventions  about  the  finding  the  longitude  by  watches,  or  other- 
wise (though  in  themselves  sufficient,)  they,  or  any  other  person 
snould  find  a way  of  improving  my  principles,  he  or  they  should  have 
the  benefit  thereof,  during  the  time  of  the  patent,  and  not  I ! ” 

After  having  broken  off  from  him,  by  the  letters,  they  appear  to 
have  had  a desire  to  have  a share  in  this  business  with  Huygens.  In- 
deed the  principal  subject  in  the  letters  seems  to  be,  whose  name,  or 
whose  joint  names,  should  be  inserted  in  a patent  proposed  to  be  taken 
out  in  Holland,  France,  Spain,  Sweden,  and  Denmark,  what  the 
amount  of  the  share  should  be  to  Huygens,  and  what  to  them. 

The  Earl  of  Kincardine,  by  a letter  of  his  to  Huygens,  appears  to 
have  had  a watch  on  trial  to  ascertain  longitude  at  sea,  which  hung 
by  a ball  and  socket  from  the  underside  of  the  ship's  deck,  first  tried 
in  1662;  afterwards,  being  at  the  Hague,  where  he  had  occasionally 
been  several  times  on  this  business,  there  seems  to  have  been  some 
debates  between  him  and  Huygens,  as  to  which  of  their  watches  had 
the  most  likely  means  of  doing  the  best;  and  also  explaining  some 
misunderstanding  about  terms,  said  to  have  formerly  passed  between 
them,  regarding  a patent  intended  to  be  taken  out.  About  this  time, 
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it  appears,  by  these  letters,  that  several  watch  makers  had  set  to  make 
up pendule  watches , to  ascertain  the  longitude  at  sea;  among  them,  a 
Mr  East  is  mentioned  to  have  put  two  springs  to  turn  a pinion  in 
his  watch;  hut  in  what  manner , or  for  what  purpose , it  is  not 
mentioned.  We  shall  take  the  liberty  to  notice,  by  way  of  an  anec- 
dote, that  East  was  a watch  maker  in  Pall  Mall,  London,  where 
there  was  a Tennis  Court  kept,  which  Charles  the  Second,  when 
Prince  of  Wales,  resorted  to,  and  his  stake  frequently  was  an  Ed- 
wardus  East,  as  his  Royal  Highness  called  it,  that  is,  a watch  of 
East’s  making.  From  pendulum  watches,  the  spiral  or  balance-spring 
has  improperly  got  the  name  of  the  pendulum  spring,  which  should 
rather  be  applied  to  the  suspension  spring  of  a clock  pendulum. 

On  nothing  does  a chronometer  depend  so  much,  as  the  good 
quality  of  the  pendulum  spring,  great  as  the  power  of  the  rudder  is  in 
controlling  and  regulating  the  motions  of  a ship , it  is  not  more  extra- 
ordinary than  that  of  this  spring  in  regulating  the  motions  of  a 
chronometer,  and  we  may  he  allowed  to  say , that  it  possesses  something 
like  invisible  properties.  It  may  be  set  so  as  to  make  the  machine  go 
fast  or  slow,  in  any  position  required,  while  neither  its  length,  nor  the 
weight  of  the  balance,  are  in  any  way  altered.  Le  Roy  thought  that 
he  had  made  a great  discovery,  and  it  must  be  granted  to  be  one, 
when  he  found  “ that  there  is  in  every  spring  of  a sufficient  extent,  a 
certain  length  where  all  the  vibrations,  long  or  short,  great  or  small, 
are  isochronous;  that  this  length  being  found,  if  you  shorten  the 
spring,  the  great  vibrations  will  be  quicker  than  the  small  ones;  if,  on 
the  contrary,  it  is  lengthened,  the  small  arcs  will  be  performed  in  less 
time  than  the  great  ones.” 

Notwithstanding  this  condition  of  sufficient  extent , the  isochronous 
property  will  remain  no  longer  than  while  the  form  of  the  spring  is 
preserved  as  it  originally  was.  Should  the  coils  be  more  compressed 
or  taken  in,  the  long  vibrations  will  now  be  slower  than  the  short 
ones;  and  on  the  contrary,  if  they  are  more  let  out  or  extended, 
the  long  vibrations  will  be  faster  than  the  short  ones.  A more  general 
principle  for  obtaining  the  quality  of  isochronism  may  be  applied, 
by  making  the  spring  act  proportionally,  in  arithmetical  progression, 
according  to  its  tension.  Every  five  degrees  of  tension  should 
make  an  equilibrium,  with  a given  force  or  weight,  of  ten  grains; 
suppose,  that  is,  5,  10,  15,  20,  &c.  degrees  of  tension,  should  be 
balanced  by  10,  20,  30,  40,  &c.  grains.  To  try  small  springs  by 
this  process,  would  require  a very  nice  and  delicate  instrument. 
The  circumstances  of  the  properties  of  the  spring,  which  have  just 
now  been  mentioned,  were  well  known  to  Hooke.  In  order  to  obtain 
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these  properties  in  pendulum  springs  for  his  time-keepers,  Berthoud 
made  them  thicker  gradually,  from  the  outer  to  the  inner  end;  our 
old  English  way  is  the  reverse  of  this.  Whatever  may  be  the  form 
of  the  springs,  whether  flat  or  cylindrical,  the  best  and  most  direct 
way  is  to  try  them  in  the  time-keeper  itself,  by  taking  four  hours 
going  with  the  greatest  force  the  main- spring  can  give,  and  then  four 
hours  with  the  least.  It  is  of  consequence  to  have  these  springs  hard 
or  well  tempered. 

“ M.  Frederick  Houriet  of  Locle,  an  artist  equally  praiseworthy, 
under  the  double  view  of  instruction  and  of  morality,  is  the  first  who 
used  spherical  balance  springs;  he  has  proved,  in  a memorial  given  in 
to  the  Institute  of  France,  9 th  of  March,  1818,  that  this  form  gives 
the  most  perfect  isochronism,  if  made  with  pendulum  spring  wire,  of 
equal  dimensions  through  the  whole  of  its  length,  and  consequently, 
the  easier  to  execute  a balance- spring  of  it.”  See  Manuel  Chronome- 
trique , p.  90,  by  Antide  Janvier,  Paris,  1821. 

We  apprehend  that  the  sphere  must  have  a spiral  flat-bottomed 
groove  cut  round  it,  otherwise  the  wire  cannot  be  regularly  applied  on 
it.  Our  cylindrical  helical  springs  have  done  so  well  hitherto,  that 
very  few  of  our  chronometer  makers,  we  suspect,  will  be  induced  to  try 
spherical  springs.  M.  Houriet  made  a very  ingenious  sort  of  tool  for 
trying  the  isochronism  of  balance-springs ; no  copy  of  it  has  hitherto 
been  made;  the  only  one  to  be  seen  is  the  original,  in  the  hands  of 
M.  M.  Breguet. 

Those  engaged  in  making  and  timeing  of  chronometers,  must  see 
many  curious  and  interesting  effects  of  the  pendulum  spring.  For 
those,  however,  who  may  not  have  had  an  opportunity  in  that  way, 
we  shall  give  two  examples.  A pocket  chronometer,  (by  one  of  the 
earliest  and  most  eminent  masters,)  was  found  to  go  three  minutes 
slow  in  24  hours,  when  hanging,  and  when  lying,  kept  near  to  time. 
The  scapement  had  rather  too  much  drop  for  the  tooth  on  the  pallet, 
which  being  set  a little  forward,  to  lessen  the  drop,  it  was  now  found 
to  go  three  minutes  slow  in  24  hours,  whether  hanging  or  lying;  so 
that,  in  the  meantime,  screws  being  put  home  a little,  the  chronometer 
was  brought  to  time  equally  hanging  or  lying. 

Another  pocket  chronometer,  made  by  a very  capital  artist,  was 
found  to  lose  five  seconds  in  12  hours  in  the  hanging  position,  and  to 
gain  two  seconds  and  a half  in  the  same  time  when  lying  ; it  occurred 
to  our  mind,  that  the  pendulum  spring  must  be  rather  too  short  as 
otherwise,  seeing  that  the  long  vibrations  were  the  quickest.  The 
face  of  the  pallet  was  set  a little  back,  so  as  the  extent  of  the  vibrations 
might  be  lessened;  this  had  the  desired  effect;  for  in  12  hours  hanging, 
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it  lost  only  half  a second,  and  in  the  same  time,  lying,  gained  one 
second. 

Let  those  who  are  curious  for  research  in  this  subject,  see  Hooke’s 
Lectures,  De  Potentia  Restitutiva,  or  of  Spring.  Eclaircissemens  sur 
rinvention,  la  Theorie,  la  Construction,  et  les  Epreuves,  &c.  Et  de 
Reponse  a un  Ecrit  qui  a pour  titre:  Precis  des  RecherJies  faites  en 
France  pour  la  determination  des  Longitudes  en  Mer , par  la  Mesure 
Artificielle  du  Temps.  Nicholson’s  Philosophical  Journal,  vol.  XIV. 
September,  1806. 


CHAPTER  XI. 

On  the  Jewelling  of  Pivot  Holes  in  Watches , Chronometers , and  Clocks. 

From  the  art  of  jewelling  the  pivot  holes,  our  chronometers  may 
be  said  to  have  acquired  a durability  and  character,  which  they 
would  not  otherwise  have  got  or  received.  It  must  not  be  imagined, 
that  there  is  any  time-keeping  principle  or  improvement  in  a 
jewelled  hole  more  than  in  a brass  one;  and,  notwithstanding  what 
has  been  said  in  favour  of  the  last,  few  will  be  hardy  enough  to  run 
the  hazard  of  having  the  balance  and  balance-wheel  pivots  to  run  in 
brass  holes,  especially  where  the  machine  is  destined  to  be  either  a 
pocket  or  box-chronometer.  It  is  very  well  known,  that  in  a common 
verge  watch,  where  the  balance  holes  are  jewelled,  its  motion  will 
be  kept  up  for  a longer  time  than  when  it  runs  in  brass  holes.  The 
friction  at  the  balance  holes  cannot  be  supposed  to  be  less  than  at 
those  of  the  fusee;  for,  in  the  time  of  one-fourtli  of  a turn  of  the 
fusee,  the  balance  must  make  more  than  what  is  equivalent  to  9000 
revolutions.  Berthoud  regretted  much  that  he  had  not  an  opportunity 
of  getting  the  pivot  holes  of  his  time-keepers  jewelled;  yet,  from  that 
versatility  of  genius  which  he  possessed,  he  supplied  admirably  the 
want  of  this,  in  such  a manner,  that  very  few  could  have  equalled 
or  attained.  Some  of  the  balances  in  his  time-keepers  were  made 
to  give  six  vibrations  in  a second,  while  others  gave  only  one.  His 
number  eight  made  one  vibration  in  a second,  and  was  the  one  which 
gave  the  best  performance  of  all  those  which  he  had  constructed.  It 
seems  to  have  been  a wonderful  discovery,  that  jewelled  holes  wore 
down  the  pivots,  and  thickened  the  oil,  after  they  had  been  used  for 
upwards  of  an  hundred  years.  How  came  this  not  to  have  been 
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sooner  observed,  when  so  many  were  engaged  in  making  chrono- 
meters, and  that  too  in  considerable  numbers?  That  pivots,  from  a 
length  of  time,  even  with  good  oil,  and  with  greater  probability  from 
bad  oil,  may  have  got,  as  it  were,  glued  in  their  holes,  there  is  little 
reason  to  doubt;  but  this  never  arose  from  particles  wearing  away 
from  either  the  steel  or  the  stone,  by  the  friction  of  the  pivot.  Let 
any  one  try  to  whet  a graver,  which  requires  some  degree  of  force, 
on  a polished  Scotch  pebble,  for  instance,  and  they  will  find,  that  no 
exertion  whatever  will  make  the  graver  bite  the  stone,  or  the  stone 
the  graver;  for  where  any  effect  of  this  kind  takes  place,  it  must  be 
nearly  mutual.  The  hardness  of  the  Scotch  pebble  is  well  known 
to  be  much  inferior  to  that  of  either  the  ruby  or  the  sapphire.  After 
being  exposed  to  the  air  for  a considerable  time,  oil  gets  viscid  and 
thick,  which  arises,  as  has  been  observed  by  chemists,  from  the 
absorbing  or  attracting  of  oxygen.  We  suspect,  that  oil,  from  this 
cause  alone,  may  become  more  glutinous  at  a jewelled  hole  .than  at 
a brass  one.  By  its  application  to  brass,  it  soon  acquires  a bluish- 
green  tinge,  as  if  something  acted  on  it.  This  is  owing  to  the  metal 
becoming  oxidated  by  the  joint  action  of  the  oil  and  air.  The  oxide 
thus  formed,  combines  with  the  oil,  and  forms  a metallic  soap,  which 
is  much  less  tenacious  than  that  formed  at  a jewelled  hole.  By 
the  continuation  of  this  process,  the  hole  in  brass  becomes  wider,  and 
the  oil  disappears,  leaving  the  pivot  and  hole  in  a greater  or  less 
degree  wasted;  and,  instead  of  the  oil,  we  have  the  metallic  soap, 
which  has  hitherto  been  considered  as  rust.  To  be  convinced,  how- 
ever, that  this  is  not  the  case,  we  need  only  attempt  to  wipe  it  off  from 
the  pivot,  from  which  it  easily  parts,  and  which  it  would  not  do  were 
it  really  rust.  Oil,  however,  can  have  no  action  on  the  jewelled 
hole,  and  any  change  that  is  effected  by  the  oil  must  be  confined  to 
the  steel  pivot,  on  which  its  action  is  so  exceedingly  slow,  that  a 
great  length  of  time  must  elapse  before  the  oil  is  decomposed  and 
disappears;  and  hence  what  is  called  rust  in  a brass  hole,  is  seldom 
or  never  met  with  in  a jewelled  hole.  If  a little  Florence  oil  is  put 
into  a small  phial,  for  about  two-tenths  of  an  inch  deep,  and  remain 
for  a few  years,  it  will  become  exceedingly  viscid  and  glutinous,  and 
will  be  intermixed  with  parts  tinged  with  red  of  various  shades.  The 
same  appearance  is  sometimes  seen  at  jewelled  pivot  holes,  and  has 
been  erroneously  supposed  to  be  produced  by  the  operation  of  the 
pivot  on  the  hole.  It  is  singular  that  oil  will  act  more  forcibly  on 
fine  brass  than  on  the  common  sort,  or  even  on  copper;  a metallic 
soap,  somewhat  resembling  verdigris,  will  soon  show  itself  on  the 
former,  while  the  latter  will  have  no  appearance  of  being  injured. 
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But  we  are  not  to  infer  from  this,  that  copper  holes  would  be  prefer- 
able to  those  made  in  fine  brass  ; for  although  the  oil  in  this  case 
would  be  more  durable,  from  its  acting  more  slowly  on  copper  than  on 
brass,  yet  the  increase  of  friction  from  the  copper  would  more  than 
counterbalance  this  advantage.  It  can  hardly  have  escaped  the  eye, 
even  of  the  most  indifferent  observer,  that  oil  acts  more  readily  and 
forcibly  on  new  than  on  old  work.  On  the  former,  it  will  frequently 
show  itself  in  the  course  of  24  hours.  Oil  varies  so  much  in  its 
quality,  than  some  will  become  so  thick  and  viscid,  in  the  course  of  a 
few  months,  as  to  stop  the  machine  altogether.  This  has  occurred  in  the 
experience  of  a very  celebrated  artist,  who  informs  us  that  “ his  regu- 
lator, which  has  been  found  to  go  to  a greater  degree  of  accuracy, 
though  not  to  a second  in  two  months  as  has  been  said  of  others  ; 
than  even  that  of  V erona,  as  observed  by  the  Astronomer  Oagnoli,  or 
that  at  Manheim,  as  observed  by  Mayer,  was  found  to  perform  very 
indifferently,  after  being  cleaned,  and  at  the  end  of  three  or  four 
months  stopped  altogether,  which  arose  from  the  application  of  bad 
oil.”  We  are  of  opinion,  that  where  the  pivots  are  small,  and  the 
revolution  of  the  wheel  quick,  jewelled  pivot  holes  are  the  best.  It 
will  not  be  an  easy  matter  to  do  without  oil  or  jewelled  holes,  parti- 
cularly in  pocket  or  box-chronometers,  although  astronomical  clocks 
or  regulators  may  be  so  constructed  as  not  to  require  either,  provided 
the  expense  for  doing  so  is  not  spared. 

OIL  FOR  WATCHES  AND  CLOCKS. 

Being  of  essential  advantage  to  have  good  oil  we  shall  give  several 
methods  of  preparing  it. 

A Receipt  to  deprive  Oil  of  its  Acid. 

To  four  ounces  of  the  best  spermaceti  oil,  add  four  grains  of  Kali 
aeratum  in  five  ounces  of  distilled  water,  shake  them  well  for  a day 
or  two,  then  pour  the  whole  into  a tumbler,  covered  by  another,  and 
when  exposed  to  the  light  for  three  or  four  weeks,  the  pure  oil  will 
float  on  the  top  to  be  skimmed  off  by  a tea-spoon.  This  oil,  it  is  said, 
neither  dries  nor  turns  green. 

Oil  may  be  prepared  in  the  following  manner: 

Put  a quantity  of  the  best  olive  oil  into  a phial,  with  two  or  three 
times  as  much  water,  so  as  the  phial  may  be  about  half  full.  Shake 
the  phial  briskly  for  a little  time,  turn  the  cork  downwards,  and  let 
most  of  the  water  flow  out  between  the  side  of  the  cork  and  the  neck 
of  the  phial.  Thus  the  oil  must  be  washed  five  or  six  times.  After 


OIL  FOR  WATCHES,  fee. 


271 


die  last  quantity  of  water  has  been  drawn  off,  what  remains  is  a mix- 
ture of  water,  oil,  and  mucilage.  To  separate  these  from  each  other 
put  the  phial  into  hot  water  for  three  or  four  minutes,  and  most 
part  of  the  water  will  fall  to  the  bottom,  which  must  be  drawn  off  as 
before.  The  oil  must  then  be  poured  into  a smaller  phial,  which 
being  nearly  full,  must  be  well  corked,  set  in  a cool  place,  and  suffered 
to  stand  for  three  or  four  months,  or  until  the  water  shall  have  sub- 
sided, with  the  mucilage  above  it,  and  the  oil  perfectly  transparent, 
swimming  on  the  top  of  the  mucilage.  When  time  has  thus  com- 
pleted the  operation,  the  pure  oil  must  be  poured  off  into  smaller 
phials,  and  kept  in  a cool  place,  well  corked,  to  preserve  it  from  the 
air.  This,  by  Mr  E.  Walker,  of  Lynn,  dated  13th  Nov.  1810. 
(See  Nicholson's  Pliil.  Journ.') 

The  fat  or  oil  which  is  left  in  the  pan,  after  making  calves’-feet  jelly, 
if  taken  and  put  into  a jug  or  bowl,  and  allowed  to  remain  for  some 
months,  then  skim  off  what  swims  on  the  surface,  put  it  into  a small 
phial  to  be  kept  there  for  some  time;  this  will  be  found  to  be  a very 
fine  kind  of  oil,  at  least  it  has  the  appearance  of  being  so.  A French 
chemist,  of  the  name  of  Jodin,  prepares  an  oil,  adapted  for  the  use  of 
watch-makers ; it  resists  the  cold  to  a considerable  degree,  but  in  time 
will  become  green  at  pivot  holes,  like  most  other  oils.  Olive  oil 
freezes  at  38°  or  36°  of  Fahrenheit’s  thermometer,  but  if  put  into  an 
open  glass  phial,  and  exposed  to  the  sun-shine  for  a little  while,  it 
will  not  be  apt  to  freeze  till  the  thermometer  is  down  to  21°.  “As  the 
amount  of  friction,  even  in  the  best  clocks,  in  a great  measure  depends 
upon  the  oil,  with  which  the  various  parts  are  lubricated,  the  follow- 
ing information  may  be  considered  of  some  importance.  Colonel 
Beaufoy  states,  that  olive  oil  may  be  freed  from  its  mucilage,  merely 
by  exposure  to  the  rays  of  the  sun  for  one  or  two  years.” 

“ Chevereul,  an  eminent  French  chemist,  recommends  another  pro- 
cess for  the  same  purpose.  To  effect  this,  he  mixes  seven  parts  of 
alcohol  with  one  of  oil,  which  must  be  heated  in  a flask  almost  to 
boiling,  the  lighter  fluid  is  then  decanted,  and,  on  being  suffered  to 
cool,  a little  portion  of  fatty  matter  separates,  which  is  to  be  removed. 
The  alcoholic  solution  must  be  evaporated  to  one-fifth  of  its  bulk,  and 
the  fluid  part  of  the  oil  will  be  deposited  colourless,  tasteless,  and  free 
from  smell.”  This  oil  seems  much  like  what  was  called  Arabian  oil, 
lately  (April  1825)  exhibited  in  Edinburgh.  The  printed  description 
given  with  it,  gave  neither  name  of  an  inventor,  or  any  place  of  abode, 
a circumstance  somewhat  extraordinary,  and  unless  a great  quantity 
of  it  was  to  be  taken,  none  could  be  purchased. 

Of  old,  watch-makers  were  taught  not  to  allow  the  small  phial, 
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which  contained  the  olive  oil,  to  stand  even  in  the  light,  far  less  to  be 
exposed  to  the  rays  of  the  sun,  because  this  deprived  it  of  its  yellow 
colour,  which  was  considered  to  be  a quality  of  the  goodness  of  the  oil. 
And  now,  the  moderns,  by  depriving  it  of  that  colour,  say  they 
improve  it. 

Oil  extracted  from  poppy  seeds,  and  properly  prepared,  will  remain 
uncongealed  at  a very  low  temperature.  Almond,  walnut,  and  hazel 
nut  oil,  if  freed  from  the  mucilage  with  which  these  oils  are  frequently 
intermixed,  may  be  tried  for  watches.  It  was  formerly  an  object 
of  inquiry,  to  know  when  a jar  of  Florence  oil  was  in  a frozen  state, 
which  sometimes  took  place  in  severe  winters, — a portion  of  it  remain- 
ing unfrozen  was  taken  out  for  the  use  of  watch-makers. 

We  are  informed  that  M.  Frederic  Schmidt,  of  Stutgard,  has  dis- 
covered an  oil  for  chronometers,  &c.  which  will  not  freeze  at  minus 
17  of  Fahrenheit’s  thermometer ; does  not  dry  at  +212,  and  boils  at 
512  ; it  is  not  affected  by  cold  at  upwards  of  50  degrees  below  the 
freezing  point.  M.  S.  is  of  opinion,  in  which  he  is  confirmed  by 
experiments,  that  this  oil  will  not  be  affected  under  the  Poles. 

The  process  of  pouring  the  water  off  between  the  cork  and  neck 
of  the  phial,  was  found  to  have  something  in  it  awkward  and  clumsy; 
we  therefore  got  a large  phial  of  about  17  or  18  inches  deep,  two 
inches  wide,  made  with  a glass  stopper  at  top,  and  another  at  the  side 
and  close  on  the  bottom,  to  let  the  water  out,  which  answered  the 
purpose  extremely  well.  Also  a few  long  sort  of  phials,  with  ground 
glass  stoppers  to  each.  The  tall  phial  and  its  stop-cock  was  found 
very  convenient  in  the  process  of  washing  with  water,  and  letting 
the  water  out  occasionally,  to  give  room  for  more  flesh  and  clean 
water.  Oil  thus  prepared,  and  afterwards  carefully  managed,  will 
perhaps  be  found  to  be  as  good  as  can  in  any  other  way  be  obtained ; 
some  of  it  we  prepared  in  this  way,  and  applied  to  the  pivots 
and  holes  of  the  clock  in  the  Royal  Observatory,  Edinburgh.  This 
clock  was  taken  down  to  be  cleaned  about  the  beginning  of  the  year 
1825,  after  having  gone  nearly  twelve  years  ; the  pivot  holes  had  a 
little  greenish  and  thick  oil  in  them,  but  in  the  reservoirs,  it  was  in 
some  degree  tolerably  fresh  and  yellow.  It  is  singular  that  the 
washing  did  not  deprive  it  of  its  yellow  colour. 

How  to  preserve  the  Oil , by  making  such  Reservoirs  as  to  allow  the 
greatest  quantity  to  be  put  to  the  Pivots  and  Holes. 

To  have  the  pivot  holes,  so  as  to  preserve  the  oil  for  the 
greatest  length  of  time,  with  the  greatest  quantity  possible,  the 
following  is  what  should  be  done,  if  a little  more  expense  can 
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be  allowed : for  those  holes,  where  the  pivot-ends  do  not  go  beyond 
the  surface  of  the  plates,  fit,  into  a drill  stock,  a drill  made  so  as 
to  form  something  like  a drop  of  fat,  when  dropt  on  a table,  or 
such  like  surface,  making  the  diameter  of  the  artificial  drop  to  be 
made  by  the  drill  near  to  four-tenths  of  an  inch  or  so ; in  a thick 
piece  of  plate  brass,  make  a round  hole  to  receive  the  drill ; the  piece 
of  brass  must  be  fixed  outside  on  the  frame  plates,  so  as  the  pivot 
hole  shall  be  in  the  centre  of  the  round  hole,  in  order  to  guide 
the  drill,  which  must  be  allowed  to  cut  no  farther  down  in  the  plate, 
than  barely  to  come  to  the  surface,  which  should  be  left  to  remain, 
particularly  at  the  pivot  hole.  A kind  of  collet  might  be  put  on  the 
drill  to  prevent  it  from  sinking  too  deep.  The  drill  has  the  cutting 
part  concave  as  seen  at  D,  Plate  V ; the  inside  of  the  pivot  holes  may 
be  chamfered  a little  way  by  a tool,  whose  point  should  be  a little  on 
the  obtuse  side;  pieces  of  hard  steel  must  be  screwed  on,  outside  of  the 
plates,  so  as  to  cover  fully  the  sinks  made  by  the  concave  drill,  and 
against  the  pieces  of  steel,  the  pivot  ends  should  occasionally  bear;  the 
shoulders  of  the  pivots  should  be  turned  nearly  away,  leaving  a sort 
of  cone  in  their  place  ; and  near  to  the  shoulder,  or  top  end  of  the 
cone,  with  the  point  of  a very  nice  graver,  make  a slight  notch. 

The  shape  of  a drop  of  fat  ( goutte  de  suif)  at  the  top  of  a pivot 
hole,  was  a thought  or  contrivance  of  that  celebrated  artist,  the  late 
Julian  Le  Roy,  and  a most  beautiful  idea  it  was  : (It  is  to  be  regretted 
that  it  was  not  adopted  in  a clock,  otherwise  very  nicely  got  up,  and 
for  public  purposes.)  Between  the  hard  steel  pieces  and  the  top  of 
the  dome,  formed  by  the  concave  drill,  there  should  be  a small  degree 
of  space  ; if  they  are  too  close,  the  oil  will  spread  too  much  over  them, 
and,  if  at  a proper  distance,  the  oil  will  be  attracted  to  a point  con- 
nected with  the  pivot  ends,  gradually  draining  the  reservoirs  to  supply 
the  waste  at  the  pivot  holes. 


CHAPTER  XII. 

On  the  various  sorts  of  Machinery  for  going  in  time  of  winding. 

The  earliest  machinery  for  going  in  time  of  winding,  is  that 
contrived  hy  Huygens , described  page  138,  is  the  simplest  and 
the  best  that  has  yet  been  produced,  although  upon  the  whole  it 
may  not  be  so  convenient  in  its  application.  In  the  old  thirty-hour 
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clocks,  the  first  wheel  of  the  going  part  had  on  its  arbor  a fixed  jagged 
pulley  A,  (See  Plate  IV.  No.  22.)  On  the  arbor  of  the  first  wheel  of 
the  striking  part  was  a movable  jagged  pulley  H,  with  click  and 
ratchet  to  it.  Over  these,  and  through  or  under  the  pulleys  of  the 
counter  weight  p,  and  main  weight  P,  went  an  endless  cord,  woven 
either  of  silk  or  cotton.  Both  parts  of  the  clock  were  carried  on  by  a 
single  or  main  weight,  and  when  winding  it  up,  this  was  done  by  the 
striking  pulley ; by  which  means  the  weight  acted  constantly  on  the 
going  part.  This  is  a method  which  we  adopted  in  some  common 
regulators,  and  afterwards  found  it  was  the  same  that  Berthoud  had 
used  in  some  of  his.  The  movable  and  winding-up  pulley  with  its 
ratchet,  turned  on  a stud,  having  a click  and  spring,  which  were 
fixed  to  one  of  the  plates,  as  was  also  the  stud.  The  other  pulley 
was  on  the  arbor  of  the  first  wheel,  and  fixed  to  it.  The  only  incon- 
venience and  objection  to  this  contrivance,  particularly  in  eight-day 
clocks,  arises  from  the  wearing  of  the  cord  on  the  jagged  parts  of  the 
pulleys,  which  produces  a great  deal  of  dust,  and  makes  the  clock  get 
sooner  dirty  than  it  would  do,  if  this  was  effected  in  a different  way. 
In  clocks  which  go  a month,  or  six  months,  as  some  of  Berthoud’s 
did,  this  will  be  very  much  obviated,  particularly  with  a fine  and  well 
woven  silk  cord. 

There  is  a very  ancient  way  of  going  while  winding,  which  was 
long  applied  to  the  fusees  in  clocks  and  watches.  On  the  inside  of 
the  great  wheel  is  another  wheel,  whose  teeth  are  cut  to  look  inward 
to  the  centre,  upon  which  acts  a pinion  of  six,  which  runs  in  the 
bottom  of  the  fusee,  and  is  turned  round  with  it.  The  fusee  arbor  is 
free  within  both  the  great  wheel  and  the  fusee;  upon  it  is  fixed  the 
fusee  ratchet,  and  a wheel  with  about  half  the  number  of  teeth  of 
those  in  the  inward  toothed  wheel.  It  is  evident,  that  if  the  fusee 
arbor  is  turned  round,  the  wheel  fixed  on  it,  which  acts  also  on  the 
pinion  of  six,  will  by  this  make  the  pinion  turn;  and  this  again,  act- 
ing on  the  inside  wheel  teeth,  will  apply  as  much  force  to  it  as  the 
fusee  requires  in  setting  up.  When  wound  up,  the  click  in  the  great 
wheel,  as  in  the  ordinary  way,  stops  the  fusee  by  the  ratchet  from 
running  back.  This  method  takes  six  times  longer  of  winding  up 
than  by  the  common  way;  and  the  great  strain  which  is  laid  on  the 
pinion  and  inside  wheel  teeth,  soon  destroys  them.  With  a little 
more  apparatus,  a fusee  of  this  kind  can  be  made  to  wind  up  which- 
ever way  the  arbor  is  turned;  hence  it  got  the  name  of  the  drunken 
fusee.  ( See  particulars  of  it  in  Thiout , Vol.  II.  p.  33-3,  and  Plate 
XXXVIII.  Fig.  14.) 

A going  in  time  of  winding,  of  later  application  to  clocks  and 
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regulators,  consisted  of  an  arbor  within  the  frame,  on  which  was  a pin, 
and  an  arm  inside  with  a nib  and  a deer’s  foot  joint;  another  arm  on 
the  outside,  when  pulled  down,  served  to  make  the  jointed  nib  rise 
and  pass  the  third  wheel  teeth;  a spring,  acting  on  the  pin,  brought 
the  nib  in  a contrary  direction,  to  act  on  the  third  wheel  teeth,  by 
which  it  gave  motion  to  the  swing-wheel  during  the  time  of  winding, 
and  continued  to  do  so  until  getting  clear  of  the  teeth. 

The  general  method  which  is  now  adopted,  both  in  clocks  and 
chronometers,  consists  of  an  auxiliary  spring,  ratchet,  and  detent. 
In  clocks,  two  springs  are  sometimes  used;  being  doubled  round,  are 
screwed  by  one  end  to  the  back  of  the  auxiliary  ratchet;  the  other 
end  is  made  to  act  against  the  arms  or  crosses  of  the  great  wheel. 
On  the  opposite  side  is  the  click,  which  acts  with  the  barrel- ratchet; 
and  when  the  force  of  the  weight  is  taken  off  by  winding  up,  the 
force  of  the  springs  acts  on  the  great  wheel,  not  being  allowed  to 
bring  the  auxiliary  ratchet  forward,  which  they  would  do;  but  this 
is  prevented  by  the  detent,  consisting  of  an  arbor  whose  pivots  run 
in  the  frame,  and  an  arm  acting  against  the  face  of  the  small  teeth 
in  the  auxiliary  ratchet. 

When  this  method  is  applied  to  a clock  or  watch  fusee,  there  is  a 
circular  and  flat  steel  spring,  screwed  or  made  fast  by  one  end  to  the 
inside  of  the  great  wheel,  in  the  other  end  is  a small  hole,  opposite  to 
which  is  made  a short  and  circular  slit  in  the  great  wheel.  A pin 
in  the  auxiliary  ratchet  is  placed  so  as  to  correspond  to  the  hole  in 
the  spring  and  slit  in  the  great  wheel,  through  both  of  which  it  comes ; 
the  slit  gives  range  for  the  bending  up  of  the  spring.  When  the 
force  of  the  main-spring  does  not  act  on  the  fusee,  which  is  taken 
off  when  winding  up,  the  auxiliary  ratchet,  and  detent,  which  has  a 
slender  spring  to  keep  it  to  its  place,  serve  the  same  end  as  has  been 
described  for  the  clock. 

The  mechanism  of  this  going  in  time  of  winding  was  first  exhibited 
by  Harrison,  in  his  time-keeper,  when  explaining  its  principles  to 
the  commissioners  who  were  appointed  to  receive  them.  It  has  been 
said  that  he  took  the  idea  of  it  from  having  seen  an  analogous  con- 
trivance in  an  old  kitchen  jack,  where  it  had  been  applied  to  keep 
the  spit  turning  while  the  jack  was  winding  up.  There  has  been  a 
great  deal  of  ingenuity  displayed  even  in  jack-making.  It  is  singular , 
however , that  it  was  never  thought  of  the  applying  vanes  or  wings  to 
the  fly , which  could  have  been  set , so,  as  to  regulate  the  velocity  accord- 
ing to  the  greater  or  less  weight  with  which  the  spit  may  be  loaded;  but 
simple  as  the  setting  of  these  wings  would  be,  it  might  not  be  so  easy 
to  prevail  upon  the  cook  to  take  the  trouble  of  either  understanding 
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or  using  them.  The  water-jack , which  has  been  known  in  this  country 
for  more  than  seventy  years , is  very  convenient  in  this  respect , as  it  is 
easy  to  make  the  discharge  of  water  at  the  cock  to  run  full , half  or 
quarter , on  the  small  kind  of  mill-wheel  which  drives  the  whole  of  the 
machinery  belonging  to  it. 

A great  many  years  ago,  we  contrived  an  easy  way  of  making  a 
going  in  time  of  winding  for  a clock,  to  several  of  which  it  was  applied. 
The  third  wheel  has  a socket  ( with  a small  shoulder)  nicely  fitted  to  it, 
the  hole  being  soundly  and  smoothly  broached.  That  part  of  the 
third  wheel  pinion  arbor  which  works  in  the  socket,  must  also  be  care- 
fully turned,  and  made  as  smooth  as  any  pivot,  so  as  to  be  free,  easy, 
and  without  shake.  The  end  of  the  socket,  which  is  not  in  the 
wheel,  should  be  smooth  and  flat ; its  diameter  outside,  about  three- 
tenths  of  an  inch,  and  to  apply  to  a flat  smooth  steel  shoulder  formed 
on  the  pinion  arbor.  On  the  side  of  the  wheel  opposite  that  on  which 
the  socket  shoulder  is  placed,  let  there  be  fixed  a small  steel  pin,  dis- 
tant from  the  centre  about  three-tenths  of  an  inch,  the  height  of  it 
being  about  one-tenth.  Make  a piece  of  brass  so  as  to  have  a fine 
small  ratchet  wheel  on  it,  of  about  four-tenths  of  an  inch  in  diameter, 
with  a sort  of  hoop  or  contrate  wheel  rim  on  one  side  of  it,  three-tenths 
and  a half  in  diameter  inside,  the  thickness  being  a little  more  than 
that  of  an  ordinary  contrate  wheel  of  a watch,  and  the  depth  one- 
twentieth  of  an  inch.  The  ratchet  wheel  and  hoop  have  a socket 
common  to  both,  which  is  twisted  on  the  third  wheel-pinion  arbor; 
this  socket,  on  that  side  of  the  hoop  inside,  is  the  smallest  matter 
lower  than  the  edge  of  the  hoop.  On  this  part  of  the  socket  is  fixed 
the  inner  end  of  a small  and  weak  spiral  spring,  of  two  or  three  turns, 
the  outer  end  having  fixed  to  it  a small  stud,  with  a hole  in  it,  that 
goes  over  the  steel-pin  of  the  third  wheel,  which  works  in  a short 
circular  opening  in  the  ratchet-wheel  or  bottom  of  the  hoop,  of  a suf- 
ficient range  for  the  spiral-spring  to  keep  the  clock  going  during  the 
time  of  winding  up.  The  detent  for  the  ratchet  has  one  of  the  pivots 
of  its  arbor  in  the  back  frame-plate  ; the  other  runs  in  a small 
cock  attached  to  the  inside  of  this  frame-plate,  and  sufficiently  clear 
of  the  third  wheel  on  that  side.  The  edge  of  the  hoop,  when  the 
socket  is  twisted  home,  should  allow  the  third  wheel  to  have  freedom 
during  the  action  of  the  spiral  spring  upon  it.  In  applying  this 
going  in  time  of  winding  apparatus  to  a clock,  it  will  easily  be  seen  in 
which  way  the  small  ratchet- teeth  must  be  cut,  and  also  in  which  way 
the  spiral-spring  must  exert  itself.  During  the  action  of  winding  up, 
this  allows  the  minute-hand  to  make  a retrogade  motion  ; but  it 
resumes  its  place  as  soon  as  the  weight  is  at  liberty. 
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In  the  early  part  of  the  last  century,  a considerable  intercourse  was 
carried  on  between  Holland  and  Port  Seaton,  by  the  ship-owners  of 
Prestonpans,  in  East-Lothian.  Among  other  imports,  was  old  iron 
in  hogsheads ; and  many  of  the  articles  were  little  worse  for  being 
used,  as,  by  an  old  Dutch  law,  no  iron  work  was  allowed  to  be 
repaired.  Among  the  things  which  came  home,  were  some  camp- 
jacks,  of  a very  ingenious  construction,  and  evidently  of  German 
origin.  Two  or  three  of  them,  one  of  which  we  have  seen,  are  still  in 
that  neighbourhood.  It  was  composed  of  the  usual  wheels  and 
pinions,  endless  screw,  and  a small  fly  rather  weighty.  The  frame, 
mounted  on  an  upright  stand,  was  about  four  feet  or  more  in  height. 
A thin  and  narrow  iron  bar,  of  four  or  five  feet  long,  was  attached 
to  the  stand,  and  could  be  made  to  slide  up  and  down  on  it, 
nearly  the  whole  four  or  five  feet ; one  edge  of  it  was  toothed  like  a 
straight  rack,  and  worked  into  the  pinion  of  the  first  wheel,  by  means 
of  a weight  hung  on  a hook  at  the  lower  end  of  the  bar ; when  the 
weight  and  bar  came  to  the  lowest  point,  it  was  easily  moved  up  to 
the  greatest  height,  when  the  jack  was  to  be  bound  up.  The  pinion 
had  a hollow  socket,  and  could  turn  freely  round  the  arbor  of  the  first 
wheel ; on  the  lower  end  of  the  socket  was  a ratchet,  which  rested  on 
the  first  wheel  where  the  click  and  spring  were  placed  to  act  with  the 
ratchet,  which,  by  the  hollow  socket,  allowed  the  pinion  to  turn  freely 
backward  when  winding  up;  on  the  weight  being  allowed  to  act 
on  the  rack,  all  the  wheels  were  made  to  turn  the  proper  way,  and 
so  on.  An  idea  occurred  to  us,  that  in  place  of  the  rack  moving,  a 
machine  might  be  made  to  go  by  its  own  weight,  by  means  of  a pinion 
turning  down  on  the  toothed  edge  of  a fixed  rack.  A scheme  shall 
be  given  for  a box-chronometer  of  this  construction,  which  supersedes 
the  necessity  of  either  fusee,  barrel,  spring,  or  chain.  A contrivance 
of  a similar  kind  has  lately  been  communicated  to  the  Society  of  Arts 
in  Paris,  by  M.  Isabelle,  and  is  described  in  the  Bulletin  de  la  Societe 
d?  Encouragement,  No.  52.  The  same  method,  which  has  been  known 
for  a considerable  time,  is  used  at  Liege,  by  Hubert  Barton,  who 
makes  eight-day  spring  clocks  on  this  plan. 

On  the  arbor  of  the  first  or  great  wheel,  is  fixed  what  may  be  called 
the  fusee-ratchet,  working  with  the  click  and  spring,  which  are  on 
the  auxiliary  or  going-ratchet ; in  the  last  is  fixed  a pin,  which 
comes  through  the  end  of  the  auxiliary  spring,  and  the  circular  notch 
in  the  great  wheel,  which  is  keyed  on  in  the  same  way  as  in  the  case 
with  a fusee;  having  also  a detent  and  spring  for  the  going-ratchet, 
— the  whole  forming  the  great  wheel,  and  the  mechanism  for  going 
in  time  of  winding.  On  the  great  wheel-arbor,  close  to  the  main- 
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ratchet,  let  a small  bevelled  wheel  be  fixed,  of  any  small  number 
of  teeth,  fully  stronger  than  those  in  the  great  wheel,  the  back  of 
the  bevelled  wheel  lying  against  the  main-ratchet.  Indeed,  both 
might  be  made  from  one  and  the  same  piece  of  brass.  Supposing  the 
diameter  of  the  pillar-plate  to  be  2.25  inches,  that  of  the  great  wheel 
would  be  1.5  inch,  and  the  number  of  the  teeth  72;  the  bevelled 
wheel,  being  half  an  inch  in  diameter,  would  admit  24  teeth;  and, 
if  made  a little  thicker  than  the  great  wheel,  the  teeth  would  be  suf- 
ficiently strong.  Another  bevelled  wheel  of  the  same  diameter  and 
number  of  teeth  as  the  other,  is  fixed  on  a pinion  arbor,  (a  hole 
being  made  in  the  potence  plate , to  allow  the  bevelled  wheels  to  pitch 
together ,)  which  is  placed  within  the  frame  in  a horizontal  direction, 
in  that  line  which  passes  through  the  centres  of  the  great  and  second 
wheels ; one  of  the  pivots  runs  in  a cock  inside  of  the  potence-plate, 
and  placed  near  to  the  great  wheel  arbor;  the  other,  which  is  a little 
beyond  the  pinion-head,  runs  in  a cock  fixed  on  the  outside  of  the 
potence-plate.  This  pinion  has  sixteen  leaves  of  the  same  strength 
as  the  teeth  of  the  bevelled  wheels,  and  runs  in  with  the  edge  of  a 
toothed-rack;  every  revolution  will  be  over  the  length  of  one  inch 
on  the  rack,  and  equal  to  four  hours,  or  one  turn  of  the  great  wheel; 
the  second  wheel-pinion  being  18.  The  length  of  rack,  supposed  to 
be  8 inches,  would  allow  the  time  of  going  to  be  equal  to  82  hours, — 
8 inches,  multiplied  by  4,  being  equal  to  82.  Were  the  rack  12 
inches  long,  it  would  admit  the  time  of  going  to  be  48  hours;  or 
the  diameter  of  the  pinion  might  be  increased  from  .383  to  .500  parts 
of  an  inch,  and  the  time  of  going  would  then  be  somewhat  more  than 
80  hours.  Let  a slip  of  wood  be  made  15  inches  long,  five-eighths 
of  an  nch  broad,  and  rather  more  than  one-eighth  thick;  on  one  side 
of  ti  .s,  and  close  to  the  edge,  let  another  slip  of  the  same  dimensions, 
but  not  quite  so  broad,  be  set  on  edge  at  a right  angle  to  the  side  of 
the  other.  This  will  form  a pattern  to  have  two  such  cast  in  brass 
from  it:  after  being  dressed  up,  one  is  left  plain,  the  other  so  as  to 
have  twelve  inches  of  teeth  made  on  one  of  the  edges;  the  plain  one 
is  screwed  to  the  inside  of  the  case,  and  the  other  is  screwed  on  to 
the  plain  one,  having  the  toothed-edge  on  the  right-hand  side  of  the 
pinion,  so  as  to  make  the  second  wheel  and  pinion  turn  the  proper 
way.  To  the  ring  or  cap  which  incloses  the  movement  of  the  chrono- 
meter, are  attached  three  pieces  of  brass,  kneed  up  at  each  end;  the 
distance  from  the  ends  is  about  two  inches  and  a half,  in  which  are 
holes  made  quite  parallel  to  one  another,  and  go  on  three  steel  rods, 
15  inches  long,  and  two-tenths  of  an  inch  in  diameter,  fixed  in  the 
lower  and  upper  ends  of  the  case,  and  parallel  to  one  another,  and 
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near  to  the  dial  of  the  chronometer.  The  case  may  be  either  of 
wood  or  brass,  having  a door  on  one  side,  which  serves  the  purpose 
of  getting  at  the  chronometer,  either  to  observe  the  time,  or  to  push 
it  up  after  it  is  nearly  run  down.  In  the  lower  part  of  the  cap,  a 
recess  may  be  made  to  receive  any  additional  weight  requisite  to  load 
the  chronometer  with,  in  order  to  give  greater  extent  of  vibration  to 
the  balance;  the  upper  part  of  the  case  should,  if  necessary,  be  hung 
in  gimbals,  and  the  lower  end  loaded  with  lead  to  keep  it  steady. 

A chronometer  might  be  easily  fitted  up  in  this  way  to  go  eight 
days,  by  giving  more  length  of  rack,  a greater  weight  to  the  bottom 
of  the  cap,  more  teeth  to  the  bevelled  wheel,  which  is  on  the  hori- 
zontal pinion  arbor,  fewer  to  that  which  is  on  the  arbor  of  the  great 
wheel,  and  the  second  wheel  pinion  to  make  more  revolutions  for  one 
turn  of  the  great  wheel.  Suppose  the  great  wheel  80,  the  second 
wheel  pinion  16,  one  turn  will  be  equal  to  five  hours;  the  bevelled 
wheel,  which  is  on  it,  being  16,  will  have  a revolution  also  in  five 
hours;  the  bevelled  wheel  which  turns  it,  having  24  teeth  will  make 
a revolution  in  seven  hours  and  a half.  The  rack  being  25.6  inches 
long,  the  pinion  of  16,  making  a revolution  on  it  in  seven  hours  and 
a half,  and  25.6  X 7.5  = 192,  the  number  of  hours  in  eight  days. 
The  length  of  the  case,  being  thirty  inches,  could  be  no  incon- 
venience where  eight  days  going  without  winding  is  obtained.  A 
similar,  and  we  think  a preferable,  construction  might  be  adopted, 
by  having  the  chronometer  fixed,  and  a weight  hung  to  the  lower 
end  of  the  rack,  which,  as  in  the  case  of  a jack,  would  keep  up  the 
motion  required  for  the  chronometer.  This  plan,  however,  of  a 
movable  rack,  would  require  a space  for  the  rack  to  move  in,  equal  to 
twice  its  length. 


CHAPTEB  XIII. 

On  the  Force  of  Mam-Springs  in  Box- Chronometers,  and  how 
to  Calculate  it. 

Box- chronometers,  or  marine  time-keepers,  being  sometimes  made 
to  go  eight  days,  without  requiring  to  be  again  wound  up;  and,  in 
order  that  these  machines  may  run  such  a length  of  time,  the  motive 
force  ought  to  be  pretty  strong;  it  becomes,  therefore,  a matter  of 
some  consideration,  to  obtain  this  force  of  such  a quantity,  as  shall 
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be  little  more  than  sufficiently  adequate  for  the  purpose,  which  must 
be  obvious  to  every  judicious  mechanic;  any  thing  beyond  this  bein^ 
rather  hurtful  as  otherwise:*  while,  at  the  same  time,  the  main- 
spring should,  as  nearly  as  possible,  retain  its  force  with  the  greatest 
degree  of  constancy  and  invariability.  To  have  strength  of  main- 
spring, it  must  be  either  broad  or  thick;  if  broad,  then  the  rubbing 
of  the  coils  creates  a great  deal  of  friction,  and  the  oil,  on  getting 
glutinous,  adds  still  a little  more  to  the  resistance  of  the  spring  when 
the  coils  are  unbending.  On  the  other  hand,  when  the  spring  is 
thick,  it  requires  a barrel  of  a greater  diameter,  which  takes  up  more 
room  than  could  be  wished;  besides,  thick  springs  are  more  apt  to 
break  than  thin  ones.  V ery  few  are  aware  of  the  difficulties  attending 
the  procuring  of  a good  spring ; if  they  are  hard,  this  exposes  them 
continually  to  the  risk  of  breaking;  if  they  are  soft,  they  gradually 
relax,  and  in  the  end  become  good  for  nothing.  Much  depends  on  the 
part  of  the  spring-maker,  and  no  small  degree  of  care  is  required  by  him , 
to  have  steel  of  the  best  quality  selected,  also  carefully  to  hammer, 
harden  and  temper  it,  and  lastly,  in  being  very  attentive  when  coiling 
or  turning  it  up.  To  obviate  as  much  as  possible  the  objections  which 
have  been  mentioned,  Mudge  and  Berthoud  adopted  the  mode  of 
having  a double  barrel  in  one,  and  a spring  put  into  each,  with  an 
arbor  common  to  both;  by  which  means  they  obtained  the  force  of  a 
broad  spring,  without  its  concomitant  defects.  It  may  be  observed, 
that  neither  of  these  celebrated  artists  thought  of  making,  what  they 
did  not  approve  of  a time-piece  to  go  eight  days ; and  if  the  expedient 
of  a double  barrel  was  had  recourse  to,  for  the  main-spring  of  a time- 
piece to  go  thirty  hours  only,  it  must  be  still  more  requisite  for  that 
which  is  constructed  to  go  eight  days. 

The  force  of  main-spring  in  a box  chronometer,  should  depend  on 
the  extent  of  the  arcs  of  vibration  which  the  balance  must  describe? 
and  however  long  or  short  these  arcs  may  be,  they  ought  nevertheless 
to  be  performed  in  the  same  space  of  time.  Now,  on  that  account, 
this  force  becomes  limited,  by  the  extent  of  those  arcs  that  are  found 
to  be  isochronal.  Therefore,  to  determine  this  force  of  main-spring, 
make  the  chronometer  go  with  different  weights,  making  no  use  of  a 
barrel,  a main-spring,  or  a fusee;  fit  to  the  square  of  the  fusee  arbor? 
a short  cylinder  of  wood  or  brass,  about  two  inches  or  so  in  diameter, 
let  one  end  of  a fine  piece  of  cord,  or  small  gut,  be  fixed  and  wrapped 
three  or  four  times  round  it,  to  the  other  end,  after  being  conducted 

* This  restriction  applies  more  properly  to  dead  beat  or  cylinder  escapements,  than  to 
those  of  the  detached  kind,  which  are  not  in  this  respect  quite  so  limited. 
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over  a small  directing  roller  or  pulley , attach  weights  of  different 
quantities,  according  as  they  may  be  found  requisite  to  make  the 
balance  describe  arcs  of  unequal  extent,  in  order  to  come  at  those 
vibrations  where  the  balance  with  the  pendulum  spring  are  found  to 
be  most  isochronal.  Having  obtained  this  point,  calculate  how  much 
the  balance  ought  to  weigh,  so  as  the  chronometer  may  be  at  time; 
consequently  diminish  or  increase  the  weight  of  the  balance,  regu- 
lating the  chronometer  wholly  by  the  weight,  and  masses  of  the 
balance,  without  touching  the  pendulum  spring.  Keeping  the  chro- 
nometer still  going,  adding  to  or  taking  away  from  the  going  weight 
the  quantity  requisite  to  make  the  balance  describe  the  arcs,  where 
it  was  found,  that,  even  with  unequal  vibrations,  they  were  isochronal. 
We  have  now  the  measure  of  the  motive  force,  and  may  find  what  the 
force  of  the  main-spring  ought  to  be,  so  as  that  it  may  be  made  equal  to 
the  trial  weight.  To  make  such  trials  as  those  which  have  been 
mentioned,  the  frame  of  the  chronometer  must  be  fixed  in  a horizontal 
position,  to  a stand,  contrived  and  adapted  for  this  purpose.  Suppose 
the  amount  of  the  trial  weight  was  found  to  be  equal  to  80  Troy 
ounces,  or  1,400  grains  Troy,  the  radius  of  the  short  cylinder, 
including  the  semi-diameter  of  the  cord  being  one  inch,  and  let  the 
fusee  adjusting  tool  be  fixed  at  six  inches;  then  the  weight  on  the 
adjusting  tool,  at  a radius  of  six  inches,  will  be  five  ounces,  which  is 
that  required  to  be  in  equilibrium  with  the  force  of  the  main-spring, 
when  adjusting  it  with  the  fusee,  whose  semi-diameter  at  bottom  is 
one  inch.  A spring  may  now  be  made  to  accord  as  nearly  as  may  be 
with  the  given  force,  and,  if  required,  this  may  be  increased  or 
diminished  by  altering  a little  the  diameter  of  the  fusee,  or  by  such 
like  means,  till  such  time  as  the  spring  draws  the  given  weight  on  the 
adjusting  tool,  at  the  fixed  radius.  A main -spring  being  made,  it  may 
be  known  if  it  has  the  force  required  without  making  use  of  either  the 
fusee  or  barrel  in  the  frame.  Fix  the  arbor  of  the  barrel  in  the  vise, 
and  one  end  of  a cord  fixed  to  the  barrel,  and  wrapped  three  or  four 
times  round  it,  to  the  other  end  put  on  weights,  till  such  time  as  they 
are  in  equilibrium  with  the  barrel,  the  main-spring  being  bent  up  a 
turn,  or  a turn  and  a quarter.  Assuming  the  semi-diameter  of  the 
bottom  of  the  fusee  at  seven  and  a half-tenths  of  an  inch,  by  calculation, 
may  be  found,  according  to  the  weights  required  to  make  equilibrium 
with  the  spring,  what  weight  the  adjusting  tool  will  draw  on  a radius 
of  six  inches.  For  example,  if  a spring,  when  bent  up  a turn,  makes 
equilibrium  with  48  ounces  at  the  end  of  the  cord,  the  radius  or  semi- 
diameter of  the  fusee  bottom  given,  is  seven  and  a half  tenths  of  an  inch, 
and  the  radius  of  the  arm  of  the  adjusting  tool  is  six  inches,  or  sixty 
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tenths,  what  weight  on  it  must  the  spring  draw?  Say,  as  60  tenths 
is  to  7.5  tenths,  the  radius  of  the  fusee,  so  is  48  ounces,  the  equili- 
brium at  the  fusee,  to  6 ounces  that  the  adjusting  tool  ought  to  carry 
on  a radius  of  6 inches  Having  the  weight  that  the  adjusting  tool 
will  carry,  we  may  thence  find  the  semi-diameter  of  the  fusee  by  the 
following  proportion:  As  48  ounces  is  to  6 ounces,  so  is  60  tenths  to 
7.5  tenths  for  the  radius  or  semi-diameter  of  the  fusee.  Example 
2 d.  The  diameter  of  a fusee  being  given,  likewise  the  weight,  which 
on  the  adjusting  tool  ought  to  be  in  equilibrium  with  the  main-spring. 
To  find  what  this  force  ought  to  be  at  the  circumference  of  the 
barrel.  If  the  spring  draws  6 ounces  on  the  adjusting  tool,  with  a 
radius  of  six  inches,  and  the  diameter  of  the  fusee  at  bottom  is  one 
inch  and  a half,  equal  to  seven  and  a half-tenths  of  radius.  To  find 
the  force  of  the  spring  on  the  circumference  of  the  barrel,  make  the 
following  proportion : As  seven  and  a half-tenths  is  to  sixty  tenths, 
so  is  six  ounces  to  forty-eight  ounces,  the  force  exerted  at  the  circum- 
ference of  the  barrel,  or  what  it  is  at  the  bottom  of  the  fusee. 

By  following  such  a process  as  this,  as  was  done  by  Berthoud, 
much  time  might  be  saved,  and  the  ends  required  will  be  obtained 
with  a greater  degree  of  certainty  and  accuracy  than  could  otherwise 
be  acquired. 

When  the  chronometer  is  at  last  completely  finished,  cleaned  out, 
and  put  together,  it  may  be  satisfactory  to  put  it  again  under  trial: 
but,  when  fixed  to  the  stand,  the  conducting  pulley,  the  cord,  and 
weights  attached  to  the  end  of  it,  must  now  be  put  in  an  opposite 
direction,  so  as  to  oppose  at  pleasure  the  force  of  the  main- spring  with 
any  quantity  of  weight,  when  trying  and  comparing  the  short  vibra- 
tions of  the  balance  with  those  of  the  long  ones  given  by  the  natural 
force  of  the  main-spring.  We  ought  to  make  use  of  such  methods 
as  are  simple  and  certain,  without  taking  the  trouble  of  putting  the 
barrel  and  fusee  into  the  frame,  in  order  to  guess  at  the  force  of  the 
spring  and  diameter  of  the  fusee,  and  we  could  then  direct  the 
spring-maker  to  produce  springs  which  should  have  at  once  the  force 
required,  by  giving  him  the  weight , which  being  attached  to  a cord 
wrapped  round  the  barrel,  and  fixed  to  its  circumference,  it  should  be 
in  equilibrium  when  bent  up  one  turn.  Take,  as  a third  Example: 
The  force  of  a spring  being  given  at  the  circumference  of  the  barrel, 
and  the  diameter  of  the  fusee  being  also  given,  to  find  how  much 
this  spring  will  draw  on  a radius  of  six  inches,  in  order  to  $§timate 
somewhat  nearly  from  these  data  the  weight  and  diameter  of  the 
balance.  What  is  given  may  serve  from  practice  by  comparison, 
to  find  the  weight  and  diameter  of  a balance,  but  it  is  too  limited  to 
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be  general.  There  are  many  other  circumstances  to  be  taken  into 
consideration,  such  as  the  number  of  vibrations  in  a minute,  &c.  &c. 
Suppose  a spring,  set  up  half  a turn,  makes  equilibrium  with  forty 
ounces  at  the  circumference  of  the  barrel,  and  the  fusee  is  one  inch 
in  diameter  at  the  bottom,  or  the  radius  is  equal  to  half  an  inch. 
We  may  find  the  weight  it  will  draw,  by  the  following  proportion: 

tenths,  tenths.  oz.  oz.  . . oz.  dvvt.  gr. 

60  : 5 : : 40  : 3.33,  which  is  equal  to  3 6 16,  or  1600  grains 
Troy.  To  find  readily  and  surely  the  shape  of  a fusee  and  its 
diameter,  a trial  fusee  must  be  used.  If  the  trial  fusee  is  one  inch 
in  diameter,  and  draws  ten  ounces,  for  example.  In  order  that  the 
fusee  required  may  draw  eight  ounces,  make  the  following  proportion, 

oz.  tenths.  oz.  tenths. 

10  : 10  : : 8 : 8.  The  fusee  required  must  be  8-tenths  of  an  inch 
in  diameter.  If  a spring  must  draw  twelve  ounces,  and  the  trial 

oz.  oz.  tenths,  tenths. 

fusee  draws  ten,  10  : 12  ::  10  : 12.  The  diameter  of  the  fusee 
must  be  twelve-tenths  of  an  inch,  that  is,  one  inch  and  two-tenths  of 
an  inch. 


CHAPTER  XIV. 

On  the  Dividing  and  Gutting  Engine , and  on  the  Methods  of  Dividing 
Circles  into  various  Numbers  for  the  plates  of  Dividing  and  Wheel- 
Cutting  Engines. 

Among  the  inventions  in  the  Art  of  Horology,  produced  in  this 
country,  may  be  mentioned  that  of  the  wheel-dividing  and  cutting 
engines,  which  are  said  to  have  been  invented  by  Dr  Hooke.  In 
the  preface  to  the  fourth  edition  of  Denham's  Artificial  Clock-maker , 
he  remarks,  that  “ the  invention  of  cutting  engines,  ( which  was 
Dr  Hookes)  fusee  engines,  and  others,  were  never  thought  of  till 
towards  the  end  of  King  Charles  the  Second’s  reign.”  It  is  well 
known  that  he  contrived  and  used  an  endless  screw  and  wheel  for  the 
purpose  of  dividing  astronomical  instruments,  in  1664.  The  wheel- 
cutting engine  was  contrived  by  him  in  1655.  Sully  carried  over 
to  Paris  wheel-cutting  engines,  of  British  manufacture,  which 
were  much  admired  there,  not  only  for  their  beauty  and  fanciful 
execution,  but  also  for  their  utility.  The  French  artists,  however, 
unwillingly  admit  our  claim  to  this  invention;  and,  could  they  have 
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brought  forward  documents  to  the  contrary,  it  would  most  readilv 
have  been  done.  They  maintain,  that  it  could  not  have  been  invented 
and  improved  at  the  same  time  by  any  one  man,  an  opinion  in  which 
we  must  agree  with  them. 

A wheel-cutting  engine,  and  one  which  could  divide  almost 
any  number,  by  means  of  an  endless  screw  and  toothed  wheel, 
was  made  about  70  years  ago,  by  Hindley  of  York,  which  came 
afterwards  into  the  possession  of  Mr  Smeaton,  from  whom  we 
purchased  it  in  the  year  1786.  As  Hindley  knew  what  had 
been  done  in  this  way  by  Dr  Hooke,  this  seems  to  have  been 
made  in  imitation  of  his,  with  some  additions  and  improvements, 
as  it  is  evidently  not  copied  from  that  which  is  described  in 
Thiout's  work,  Vol.  1.  p.  53.  Plate  XXIII.  Fig.  1,  said  to  have  been 
invented  by  M.  P.  Fardoil,  watch-maker  at  Paris.  Ramsden's 
dividing  engine,  for  which  he  got  a considerable  premium  from  the 
Board  of  Longitude,  was  executed  on  this  principle,  the  great  merit  of 
which  consisted  in  having  a more  perfect  screw  than  had  hitherto  been 
made.  For  a copious  history  of  Dividing  Engines , and  a full 
account  of  the  engines  invented  by  Ramsden  and  Troughton,  see  the 
article  Graduation,  Vol.  X.  p.  352,  of  the  Edinburgh  Encyclo- 
pedia. 

About  the  years  1778,  or  1780.  Mr  Smeaton  (see  the  Phi- 
losophical Transactions  for  1785,)  gave  into  the  Royal  Society 
a paper,  describing  a very  simple  and  ingenious  method  of  dividing, 
contrived  by  Hindley,  who,  providing  himself  with  a narrow 
strip  or  ribbon  of  very  thin  plate-brass,  about  three  yards  long; 
into  this  he  pierced  four  hundred  holes,  less  or  more,  according  to 
the  extent  of  the  greatest  number  he  meant  to  have  on  the  engine- 
dividing  plate;  the  equality  of  distance  between  the  holes  was  kept 
by  drilling,  and  opening  them  from  two  small  holes  in  a hard  piece 
of  steel,  shifting  from  one  hole  to  the  next,  having  a nice  cylindrical 
steel  pin  to  put  through  the  steel  and  brass  as  he  went  along.  After 
the  holes  were  all  drilled,  and  the  strip  of  brass  a little  dressed  up, 
he  got  a block  of  wood  chucked  on  to  the  mandrel  of  a stout  turning 
lathe,  turning  the  edge  of  the  block  down  to  that  diameter,  that  the 
strip  of  brass,  when  wrapped  tightly  round  it,  should  have  the  two 
extreme  holes  to  meet  exactly,  and  form  one  hole,  into  which  a pin 
being  put,  kept  the  ends  together,  and  the  whole  fast  to  the  wood. 
The  face  of  the  block  being  previously  turned  flat,  and  on  it  fixed 
the  engine-plate,  having  a number  of  concentric  circles  traced  upon 
it,  to  be  severally  divided.  One  end  of  a steel  spring  index  was  fixed 
to  the  lathe,  in  the  other  was  a nice  conical  point  of  steel,  tempered, 


CUTTING  ENGINE  AND  DIVIDING  CIRCLES. 


285 


applied  so  as  to  enter  fairly  and  freely  into  the  holes  in  the  strip  of 
brass;  taking  them  step  by  step,  the  divisions  in  going  along  were 
marked  off  on  the  plate.  The  greatest  number  being  first  laid  down, 
then  before  the  next  less  could  be  laid  on,  the  strip  of  brass  was 
taken  off,  and  the  block  turned  down,  so  as  to  allow  the  holes  in  the 
extreme  ends  to  meet  for  that  number,  and  so  on  downwards  to  the 
smallest  number. 


A Method , shewing  how  to  Divide  Circles  on  the  Dividing  Plate  of  a 
Wheel-cutting  Engine. 

This  is  a method  which  we  have  used,  and  frequently  practised 
with  much  satisfaction  and  success.  Wheel-cutting  engines  are 
made  having  a few  common  numbers  only  laid  down  on  the 
dividing  plate.  But  should  a number  be  wanted  which  is  not 
on  the  engine-dividing  plate,  the  following  directions  will  enable 
any  one  to  lay  down  on  it  the  number  required.  Having  a scale 
of  equal  parts  very  nicely  divided,  and  by  which  every  inch  can  be 
subdivided  into  a thousand,  this,  accompanied  with  a small  beam 
compass,  or  a pair  of  very  fine  spring  dividers,  with  such  points  as 
could  take  from  the  scale  the  two  thousandth  part  of  an  inch,  and 
with  these  to  operate.  For  example:  The  circle  described  on  the 
engine  plate,  is  supposed  to  be  two  inches,  and  six-tenths  of  an  inch 
in  diameter,  and  the  number  eleven  is  required  to  be  laid  down  on 

tenths 

it.  Then  say,  as  113  : 335  : : 26  : 81.68.  The  last  term  is  the 
number  of  tenth  parts,  and  decimal  parts  of  a tenth  contained  in  the 
circumference  of  the  circle;  this  divided  by  eleven,  the  number  to  be 
laid  on  it,  will  give  seven  tenths,  and  forty- two  hundredths  of  a 
tenth,  for  the  opening  of  the  compasses  to  be  taken  from  the  scale  of 
equal  parts,  to  make  one  eleventh  part  of  the  circle.  If  the  scale  is 
accurate,  and  the  measure  of  the  parts  accurately  taken,  the  circle 
will  be  found  to  be  so  well  divided  as  to  answer  all  the  purposes 
wanted.  Suppose  a wheel  of  73  is  wanted,  and  this  number  is  not 
on  the  plate,  a circle  described  on  it  is  5.75  inches  in  diameter,  what 
opening  should  the  compasses  have,  so  as  to  take  the  seventy-third 

tenths  tenths 

part  of  the  circumference?  As  113  : 355  : : 50.75  : 159.436.  Divide 
this  last  term  by  73,  and  the  quotient  will  be  2.184  tenths  for 
the  opening  of  the  compasses.  The  rule  is  equally  applicable  to 
even  or  odd  numbers.  Bisection  of  even  numbers  makes  it  a very 
easy  matter  to  lay  them  down  on  any  circle,  without  having  recourse 
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to  the  rule  just  given.  The  greater  part  of  an  odd  number  may 
likewise  be  done  by  bisection,  as  shown  by  Ferguson,  in  his  Select 
Exercises , p.  38,  from  which  the  following  is  extracted. 

To  divide  the  Circumference  of  a Circle  into  any  Given  Number  of  Parts , 
whether  Even  or  Odd. 

As  there  are  very  uncommon  and  odd  numbers  of  teeth  in  some  of 
the  wheels  of  astronomical  clocks,  and  which  consequently  could  not 
be  cut  by  any  common  engine  used  by  clock-makers  for  cutting  the 
numbers  of  teeth  in  their  clock  wheels,  I thought  proper  to  show 
how  to  divide  the  circumference  of  a circle  into  any  given  odd  or 
even  number  of  parts,  so  as  that  number  may  be  laid  upon  the 
dividing  plate  of  a cutting  engine.  There  is  no  odd  number  but 
from  which,  if  a certain  number  be  subtracted,  there  will  remain  an 
even  number,  easy  to  be  subdivided.  Thus,  supposing  the  given 
number  of  equal  divisions  of  a circle  on  the  dividing  plate  to  be  69, 
subtract  9,  and  there  will  remain  60.  Every  circle  is  supposed  to 
contain  360  degrees;  therefore  say,  as  the  given  number  of  parts  in 
the  circle,  which  is  69,  is  to  360  degrees,  so  is  9 parts  to  the  corres- 
ponding arc  of  the  circle  that  will  contain  them;  which  arc,  by  the  rule 
of  three,  will  be  found  to  be  46  T9oV  Therefore,  by  the  line  of  cords 
on  a common  scale,  or  rather  on  a sector,  set  off  46  (or  46 
degrees  with  your  compasses  in  the  periphery  of  the  circle,  and  divide 
that  arc  or  portion  of  the  circle  into  9 equal  part3,  and  the  rest  of 
the  circle  into  60,  and  the  whole  of  the  circle  will  be  divided  into 
69  equal  parts,  as  was  required.  Again,  suppose  it  were  required  to 
divide  the  circumference  of  a circle  into  83  equal  parts,  subtract  3, 
and  80  will  remain.  Then,  as  83  parts  are  to  360  degrees,  so,  by 
the  rule  of  proportion , are  3 parts  to  13  degrees,  and  one -hundredth 
part  of  a degree;  which  small  fraction  may  be  neglected.  There- 
fore, by  the  line  of  chords,  and  compasses,  set  off  1 3 degrees  in  the 
periphery  of  the  circle,  and  divide  that  portion  or  arc  into  3 equal 
parts,  and  the  rest  into  80,  and  the  thing  will  be  done.  The 
following  is  from  the  same  work,  p.  42,  and  may  be  useful  to  those 
engaged  in  large  clock-work,  or  in  mill-machinery.  “ Supposing 
the  distance  between  the  centres  of  two  wheels,  one  of  which  is  to 
turn  the  other,  be  given,  that  the  number  of  teeth  in  one  of  these 
wheels  is  different  from  the  number  of  teeth  in  the  other,  and  it  is 
required  to  make  the  diameter  of  these  wheels  in  such  proportion  to 
one  another,  as  their  number  of  teeth  are,  so  that  the  teeth  in  both 
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wheels  may  be  of  equal  size,  and  the  spaces  between  them  equal,  that 
either  of  them  may  turn  the  other  easily  and  freely : it  is  required 
to  find  their  diameters.  Here  it  is  plain,  that  the  distance  between 
the  centres  of  the  wheels  is  equal  to  the  sum  of  both  their  radii 
in  the  working  parts  of  the  teeth.  Therefore,  as  the  number  of 
teeth  in  both  wheels,  taken  together,  is  to  the  distance  between 
their  centres,  taken  in  any  kind  of  measure,  as  feet,  inches,  or  parts 
of  an  inch,  so  is  the  number  of  teeth  in  either  of  the  wheels  to  the 
radius  or  semi-diameter  of  that  wheel,  taken  in  the  like  measure, 
from  the  centre  to  the  working  part  of  any  one  of  its  teeth.  Thus, 
suppose  the  two  wheels  must  be  of  such  sizes  as  to  have  the  distance 
between  their  centres  five  inches;  that  one  wheel  is  to  have  75 
teeth,  and  the  other  to  have  33,  and  that  the  sizes  of  the  teeth  in 
both  wheels  is  equal,  so  that  either  of  them  may  turn  the  other,  the 
sum  of  the  teeth  in  both  wheels  is  108:  therefore  say,  as  108  is  to 
five  inches,  so  is  75  teeth  to  3 inches;  and  as  108  is  to  5 inches, 
so  is  33  to  1 T5^-,  so  that  from  the  centre  of  the  wheel  of  75  teeth, 
to  the  working  part  of  any  tooth  in  it,  is  3 inches  and  47  hundredth 
parts  of  an  inch;  and  from  the  centre  of  the  wheel  of  33  teeth,  to 
the  working  part  of  either  of  its  teeth,  is  1 inch  and  53  hundredth 
parts  of  an  inch.r> 

Having  the  diameter  of  a wheel,  which  is  proposed  to  be  cut 
into  a given  number  of  teeth,  to  find  the  thickness  of  a cutter 
suitable,  so  as  to  give  the  teeth  and  space  in  due  proportion.  For 
example: — A wheel  of  4.8  inches  in  diameter  is  wanted  to  have 
144  teeth  cut  on  it;  suppose  the  depth  of  the  teeth  to  be  one- 
tenth  of  an  inch,  then  the  diameter  of  the  wheel,  taken  at  the 
bottom  of  the  teeth  and  spaces,  will  be  4.6  inches;  and  it  is  intended 
to  have  the  teeth  and  spaces  alike  at  the  bottom,  which  will  allow 
the  teeth  to  be  broader  from  the  bottom  upwards.  To  find  the  cir- 
cumference of  a diameter  of  4.6  inches,  say,  as  113  is  to  355,  so  is 
4.6  to  its  circumference,  which,  in  this  case,  will  be  14  4513  inches. 
Reduce  this  to  thousand  parts,  and  we  shall  have  14411.3  to  divide 
by  288,  the  number  of  teeth  and  spaces,  the  quotient  will  be 
50.2  nearly,  call  it  50  thousandths  of  an  inch,  or  half  a tenth,  which 
is  the  same  thing,  and  this  is  what  the  thickness  of  the  cutter  ought 
to  be. 

By  the  same  sort  of  scale  of  equal  parts,  as  used  in  the  division  of 
circles,  any  given  straight  line  may  be  divided  into  any  required 
number.  For  example:  A given  straight  line  is  5.5  inches  long,  and 
it  is  proposed  to  divide  it  into  ten  equal  parts  5.5-f- 10=5.5  tenths  of 
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an  inch.  Suppose  a given  straight  line  is  equal  in  length  to  6048, 
which  is  6 inches  and  .048  of  an  inch,  or  48  thousand  parts  of  an 
inch  more, — it  is  required  to  have  this  line  divided  into  24  equal 
parts:  6048-^24,  the  quotient  will  be  252  thousand  parts  of  an  inch, 
or  somewhat  more  than  2.5  tenths  of  an  inch.  This  is  a much  neater, 
and  a more  accurate,  way  than  any  proportional  compasses  can  give, 
and  is  even  easier  in  its  operations;  the  calculation  or  operation  of 
division  may  be  considered  as  nothing.  It  is  hardly  possible  to 
bring  the  centre  piece  of  the  proportional  compasses  accurately  to  its 
place  at  all  times,  admitting  the  marks  or  places  to  be  correctly  put 
on ; besides,  any  repairs  to  the  points  of  the  compasses  will  put  all 
out  of  order.  For  these  reasons,  we  consider  proportional  compasses 
to  be  of  little  use,  however  ingenious  they  may  appear  to  be. 

The  Honourable  the  Commissioners  of  the  Board  of  Longitude, 
some  years  ago  deservedly  awarded  of  the  sum  of  one  hundred  guineas 
to  the  late  Mr  James  Allan,  watchmaker,  London,  (an  ingenious 
master  in  the  art  of  dividing  mathematical  and  astronomical  instru- 
ments,) for  what  they  conceived  to  be  his  superior  method  of  divid- 
ing.* Mr  Allan’s  method  of  cutting  a very  accurate  screw  for  his 
dividing  engine,  appears  to  be  neat  and  simple.  We  are,  however, 
humbly  of  opinion,  that  a screw  cut  by  a good  engine,  having  an 
inclined  plane  or  edge,  would  likely  be  as  perfect,  if  not  more  so,  than 
any  that  could  be  otherwise  obtained. 

The  engine  mentioned  at  page  221,  made  by  tne  celebrated  Henry 
Hindley,  of  York,  about  the  year  1740  or  1741,*f*  and  sent  to  us 
by  Mr  Smeaton,  in  May,  1786,  along  with  a full  description, 
and  the  principles  of  its  construction,  with  which  he  seems  to  have 
taken  a great  deal  of  pains  ; and  as  it  is  done  evidently  by  a masterly 
hand  on  subjects  in  mechanics,  it  is  deemed  interesting  to  preserve  a 
copy,  which  follows: 

“ Description  of  the  method  of  the  count-wheel  work  of 
Hindley  s Engine. 

“ The  use  of  this  is  to  form  the  different  numbers  for  cutting  the 
teeth  of  clock  wheels,  &c.  and  to  make  the  requisite  moves  of  the 
endless  screw  and  wheel  as  readily  as  can  be  done  by  a common 


* See  Mr  Allan’s  method  in  vol.  xxxiv.  of  Trans.  Society  of  Arts,  &c.  1816,  or  Smith’s 
Mechanic,  a valuable  collection  published  at  Liverpool,  in  2 vols.  8vo. 

+ It  may  fairly  be  concluded  that  Hindley  did  not  copy  any  thing  from  FardoiJ,  as 
his  engine  would  appear  to  have  been  made  before  Thiout  published  the  description  of 
Fardoil’s.  Both  may  have  taken  the  idea  of  the  endless  screw  and  wheel  from  Dr 
Hooke. 
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dividing  plate.  As  an  appendage  of  the  engine,  Nos.  7 and  8 contain 
two  sets  of  count-wheels  containing  all  the  numbers  that  Hindley 
had  in  general  use  for  clock-work,  from  128  to  56,  and  the  largest 
number  128,  is  upon  the  end  of  the  endless  screw  in  its  place ; and 
any  other  of  the  numbers  being  put  upon  the  end  of  the  arbor  in  the 
same  manner,  and  the  larger  locking  wheel  slided  till  it  engrain 
therewith,  the  smallest  of  the  three  winches  being  put  upon  the  square 
of  the  arbor,  there  is  nothing  to  do  but  to  turn  the  handle  till  the  wheel 
locks,  and  then  lifting  it  out,  turn  again  till  it  locks  a second  time ; 
and  then  the  main  arbor  of  the  engine  will  have  turned  round  a quan- 
tity answerable  to  the  space  of  one  tooth  of  a wheel  of  the  same  num- 
ber as  that  on  the  end  of  the  screw  arbor.  The  reason  of  which  is  as 
follows: — Suppose,  for  a moment,  the  locking  wheel  to  have  860  teeth, 
the  same  as  the  great  wheel,  the  locking  wheel  locks  at  a whole  turn 
only.  Suppose,  for  an  easy  calculation,  the  wheel  required  to  be  cut 
to  be  36,  then  a turn  of  the  endless  screw  will  be  the  space  for  one 
tooth,  but  the  number  86  being  on,  you  must  turn  it  round  ten  times 
to  make  the  locking  wheel  go  round  once,  if  it  was  860 ; but  being 
only  180,  as  it  really  is,  then  the  locking  wheel  must  go  two  turns  to 
make  the  screw  go  round  ten  times. 

“It  may  seem  that  it  would  have  been  more  ready  to  have  had  the 
locking  wheel  to  have  been  really  360,  and  then  one  lock  would  pro- 
duce the  number.  What  was  Mr  Hindley’s  reason  for  this,  Mr  S. 
does  not  exactly  know,  as  he  never  knew  but  that  it  was  so  till  the 
engine  came  into  his  hands ; but  he  supposes  it  to  have  been  to  avoid 
too  fine  teeth,  or  over  heavy  a locking  wheel,  as  its  weight  lies  on 
the  lever  by  which  the  main  endless  screw  is,  by  a spring,  commanded 
into  the  teeth  of  the  great  wheel,  and  consequently,  by  a different 
distance  from  the  centre  of  the  lever,  will  counteract  the  spring  in 
different  degrees.  Its  being  only  180,  however,  has  some  advan- 
tages, for  every  number  will  produce  its  double  ; thus  72  being  put 
on  by  single  locks,  it  will  produce  144.  Also  if  you  want  an  origi- 
nal number,  or  one  there  is  not,  put  on  the  minute  circle,  or  circle  of 
60,  that  is  figured,  to  which  there  is  a proper  index  to  drop  into  the 
notches.  The  minutes  in  the  whole  circle  are  21 600 ; divide  this  num- 
ber by  the  number  wanted,  and  the  quotient  will  be  the  number  of 
minutes  due  to  each;  which,  if  above  60,  divide  by  60,  and  you  will 
then  have  the  number  of  turns  of  the  screw,  and  parts  to  form  each 
tooth;  and  the  fraction  remaining  being  distributed  through  the 
whole  circle,  all  your  teeth  will  be  true,  within  a minute.  By  count- 
ing thus,  you  may  ruff  cut  a count  wheel,  which  being  obtained,  all 
others  of  the  same,  or  a double  number,  are  easily  cut:  but  if  you 
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never  can  count  the  double,  and  the  number  given  is  even,  then  you 
had  better  produce  the  half,  because  that  will  produce  your  number 
by  single  moves.  If  those  count  wheels  are  ever  so  coarsely  cutv 
even  by  hand,  yet  if  they  are  near  enough  to  engrain  with  and  turn 
round  the  locking  wheel,  its  untruth  signifies  little,  as  every  error  of 
its  angle  will  be  lessened  in  the  proportion  of  360  to  1 

“If  you  want  a high  number,  suppose  365;  amongst  the  dividing 
plates  No.  9,  you  will  probably  find  the  number  73,  which,  multiplied 
by  5,  produces  365;  and  360  multiplied  by  73,  produces  26280;  and 
this  divided  by  365  gives  72.  It  therefore  follows,  if  you  put  the 
plate  73  upon  the  arbor,  and  turn  a whole  turn,  wanting  one  division, 
you  will  produce  the  number  365;  and  Mr  S.  apprehends  the  other 
dividing  plates  will  be  found  adapted  to  similar  purposes.  Mr  S. 
remembers,  that,  for  the  more  ease  in  counting,  Hindley  had  a couple 
of  pointers  that  he  could  separate  like  a pair  of  compasses,  and  fix 
at  any  angle,  which,  turned  round  upon  the  centre  of  the  arbor,  and 
by  a springing  plate  or  staple,  were  stiff  enough  to  keep  any  place  to 
which  they  were  set.  The  whole  turns  of  the  arbor  were  easily 
counted,  and  the  pointers  being  separated  to  the  number  of  minutes 
required  at  each  move,  you  set  the  follower  pointer  to  the  minute  to 
be  cut,  and  pressing  down  the  index,  you  moved  the  leader  pointer  to  the 
index,  then  cutting  your  notch  upon  the  wheel,  you  move  the  arbor, 
first  the  whole  turns,  if  necessary,  and  then  so  much  farther,  that  the 
follower  pointer  comes  to  the  index,  which  press  down,  move  the 
pointer,  and  cut  as  before.  This  apparatus,  for  want  of  use,  appears 
to  be  lost,  as  it  did  not  come  to  Mr.  S.  with  the  engine,  but  may  be 
made  afresh  without  much  trouble. 

Cautions  to  Mr  Reid. — “The  great  dividing  wheel  being  sent 
entirely  at  liberty  from  the  screw,  the  catch  that  holds  it  there  is 
lashed  fast  with  pack-thread, — before  he  undoes  that  it  will  be  well 
to  introduce  a bit  of  soft  wood  wedge,  a card,  or  a bit  of  leather,  between 
the  main  screw  and  wheel;  then  releasing  the  pack-thread  and  the 
catch,  he  will  soon  find,  by  pressing  upon  the  leaver  near  the  catch, 
what  will  enable  him  to  release  the  wedge;  then  setting  a tooth  of 
the  wheel  exactly  corresponding  to  a notch  of  the  screw,  let  it  go 
gently  into  it.  Without  this  precaution,  (before  he  was  aware  of 
it)  the  catch  being  undone,  and  a tooth  opposing  a thread  of  the  screw, 
the  sudden  flirt  of  the  spring  that  lifts  it  upwards,  might  set  a bruise 
upon  the  end  of  the  tooth  or  the  thread.  If  upon  letting  the  screw 
fairly  into  the  wheel,  and  putting  on  the  smallest  handle  or  winch 
which  belongs  to  it,  the  screw  either  moves  stiffly,  or  there  is  a sensible 
shake  between  the  wheel  and  the  screw,  he  will  find  a screw  against 
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which  the  upper  part  of  the  frame  of  the  main  screw  at  the  right  hand 
end  stops,  by  which  he  can  adjust  it,  so  as  to  be  just  without  shake ; and 
then  if  the  screw  turns  easy  and  pleasant,  all  is  right;  if  not,  clear 
the  teeth  of  the  wheel  from  dust,  with  a middling  hard  brush,  and 
also  the  screw,  and  give  them  a little  goose-greese,  (not  what  drips 
from  them  in  roasting)  but  what  is  rendered  from  the  internal  fat  cake, 
as  the  fat  of  sheep  and  bullocks  are,  to  make  tallow.  If  the  teeth  of 
the  wheel  or  threads  of  the  screw,  should  get  any  accidental  bruise, 
the  projecting  parts  should  be  taken  off  by  a small  scraper,  or  such 
like  tool;  the  teeth  of  the  wheel  and  screw,  well  cleaned  with  a brush 
and  soap  and  water,  and  then  ground  together  (not  with  emery),  but 
with  such  stuff  as  the  cock-founders  ground  their  brass  cocks  with. 
For  this  purpose,  the  pully  No.  23,  must  be  put  upon  the  handle  of 
the  screw  arbor,  and  fixed  with  the  plate  and  screws;  the  less  grind- 
ing the  better,  the  rotation  moderately  quick,  but  must  keep  the  engine 
wheel  going  quite  round,  and  not  forward  and  backward  in  any  one 
place.  As  soon  as  it  appears  to  go  tolerably  regular,  no  more  grind- 
ing stuff  must  be  put  to  it,  but  gradually  wiped  off  and  reduced,  as 
it  becomes  finer  and  smoother;  and  when  the  wet  is  a little  dried  up, 
feed  it  gradually  with  oil,  and  when  judged  smooth  with  that,  take  off 
the  pully,  give  it  a little  goose-greese,  turning  the  screw  gently  to 
make  the  wheel  go  round  several  times  by  hand.  But  if  there  are  no 
palpable  defects,  it  will  be  best  not  to  meddle  with  it  in  the  grinding- 
way:  small  matters  will  remedy  themselves. 

“ There  was  a part  which  was  obliged  to  be  taken  off  from  the  upper 
part  of  the  engine,  to  suffer  the  lid  of  the  packing  to  go  down, 
which  perhaps  Mr  B.  will  not  know  what  to  make  of  without  some 
directions:  it  consists  of  two  steel  plates,  (see  S.  Plate  XIV.)  both 
concentrated  upon  the  same  arbor,  they  slide  against  one  another,  and 
are  held  together  by  a screw,  so  that  either  of  them  may  be  pushed 
forwarder  than  the  other.  The  arbor  which  is  fixed  is  marked  to  its 
place  where  it  goes.  The  use  of  those  is  to  set  either  side  or  middle 
of  the  cutter  to  cut  directly  towards  the  centre  of  the  wheel  to  be  cut, 
which  will  be  known  and  adjusted  by  bringing  the  joint  or  separation 
between  the  two  plates,  to  the  centre  of  the  cutting  arbor  on  which 
the  wheel  is  screwed  down  and  fixed;  and  when  once  fixed,  will 
scarcely  need  an  adjustment,  without  there  is  as  at  present  occasion 
to  take  it  off. 

“ If  the  engine  had  fallen  to  Mr  Smeaton’s  lot,  he  would  have  put 
it  into  a complete  general  repair.  Particularly,  the  cutter  wheel  is 
much  worn,  several  of  the  teeth  have  been  broken,  and  very  roughly 
put  in,  so  that  it  goes  very  coarsely  in  its  pinion;  he  not  only  would 
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have  made  a new  wheel,  but  have  reduced  the  number  from  48  to 
36,  or  rather  35 ; in  which  case,  he  would  have  shortened  the  handle, 
if  he  had  found  it  necessary  for  motion.  As  to  the  cutter  pinion,  he 
believes  it  is  the  very  same  he  saw  in  the  engine  in  the  year  1741 ; 
and  therefore,  though  somewhat  worn,  must  be  quite  hard ; he  there- 
fore did  not  propose  to  change  it,  but  to  accommodate  the  teeth  of 
the  wheel  thereto. 

“ The  spring  that  lifts  the  lever  of  the  endless  screw,  is  perhaps 
too  stunt,  too  stubborn,  and  too  sudden;  and,  on  the  whole,  is  so 
injudiciously  applied,  that  Mr  S.  cannot  suppose  it  the  spring  Hindley 
left  in  the  engine  at  his  death,  which  happened  in  the  year  1771.  Mr 
S.  therefore  proposed  to  fix  a new  one  in  such  a manner  as  to  act 
more  kindly  and  more  equably.  He  also  meant  to  make  anew  the 
compass  pointers  above  described,  for  easy  counting  for  original 
numbers,  verniers,  &c.  for  divided  instruments.'” 

Having  a wheel  for  a clock  requiring  the  number  105  to  be  cut  on 
it,  our  clockmaker,  though  well  acquainted  with  using  Hindley’s 
engine  in  the  usual  way  with  count  wheels,  and  even  with  some  of 
the  plate  wheels,  was  at  a loss  how  to  proceed  in  it,  when  we  put  him 
on  the  following  process : — The  endless  screw  wheel  has  360  teeth, 
then  divide  this  number  by  105,  and  we  have  for  quotient  3 or 
or  or  f.  It  may  not  be  so  easy  to  get  a wheel  of  1 05,  but 
one  of  70  or  42  may  more  readily  be  obtained,  particularly  42,  as  it 
is  quite  a common  number  with  clockmakers.  A large  plate  wheel 
of  42  notches  being  made  and  fixed  on  the  end  of  the  endless  screw 
arbor,  if  we  turn  this  plate  three  times  round,  and  18  notches  more, 
cut  one  tooth  or  space,  this  gone  over  105  times,  will  give  105  teeth, 
and  will  be  equal  to  360,  the  number  in  the  endless  screw  wheel.  A 
plate  wheel  of  7 might  readily  be  notched  by  hand,  and  3 turns  and  3 
notches  would  equally  produce  the  number  105. 

There  is  almost  no  number  but  may  be  come  at,  by  taking  a 
process  somewhat  similar  to  the  above.  Take  the  number  115  for 
example : 366  divided  by  it  has  for  quotient  3 or  A plate 
wheel  of  23  notches  cut  on  it,  thus  turned  round  three  times,  taking 
3 notches  more,  will  produce  115. 

Suppose  a wheel  was  required  to  be  cut  into  a number  greater  than 
360;  for  example  735,  which  would  be  15  more  than  the  double  of 
360,  a plate  wheel  having  49  notches,  and  taking  24  of  these  for 
every  time  a space  is  cut  in  the  wheel,  it  will  give  the  number  of 
teeth  required,  as  720,  the  double  of  360,  being  multiplied  by  49, 
will  give  35280,  and  this  divided  by  735  will  give  48.  It  hardly 
occurs  in  practice,  that  wheels  of  such  a high  number  as  this  are  ever 
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required;  the  case  is  given  merely  to  show  the  great  extent  of  num- 
bers that  can  be  cut  by  such  an  engine.  It  may  be  requisite  to  show 
how  the  numbers  48  and  49  were  obtained.  If  we  divide  720  by  15, 
we  have  48  for  quotient,  and,  by  the  rule  of  proportion,  49  is  got.  As 
720  : 48  : : 735  : 49. 

Though  a detail  of  the  properties  pf  Hindley’s  engine  has  been 
given  by  Mr  Smeaton,  yet  what  follows  will  perhaps  show  more  at 
large  the  variety  of  numbers  that  may  be  cut  by  it. 

With  the  combined  assistance  of  the  minute  wheel,  and  the  large 
wheel  of  360,  there  may  be  cut  a great  many  numbers  between  3 and 
21600;  but  as  these  very  high  numbers  are  seldom  or  never  required, 
we  shall  content  ourselves  with  marking  down  the  majority  of  those 
under  600  teeth,  though  there  is  no  doubt  other  intermediate  numbers 
might  easily  be  found  by  a little  calculation,  that  could  also  be  cut 
by  this  combination. 

There  are,  however,  some  numbers  which  cannot  be  produced  from 
the  minute  wheel,  and  the  great  wheel  of  360,  such  as  420,  56,  42, 
21,  14,  7,  &c. ; but  these,  with  many  others,  can  be  got,  by  substitut- 
ing instead  of  the  minute  wheel  of  60,  a wheel  of  70.  By  this  last, 
several  numbers  can  be  got,  which  are  also  produced  by  the  wheel  of 
60 ; but  we  shall  confine  ourselves  by  stating  some  of  those  which  the 
minute  wheel  cannot  produce. 

A very  few  plate  wheels,  (perhaps  ten  or  a dozen)  may  be  sufficient 
to  give  any  number  whatever,  however  odd  or  uncommon. 

It  is  to  be  observed,  that  in  the  following  tables,  the  first  column 
indicates  the  number  of  entire  turns  and  fractional  parts  of  a turn  of 
the  endless  screw,  and  these  fractional  parts  are  again  expressed  in  the 
second  column,  by  the  number  of  60th  parts  of  a turn  of  the  minute 
wheel,  or  70th  parts  of  a turn  of  the  wheel  of  70,  over  and  above  the 
number  of  entire  turns  of  the  endless  screw.  The  third  column  points 
out  the  number  of  teeth  cut. 
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CHAPTER  XV. 


On  Equation  Clocks , Equation  of  time,  and  Lunar  Motions. 

The  first  Equation  clock,  which  is  a very  ingenious  contrivance  to 
show  both  mean  and  apparent  time,  was  made  in  London  about  120 
years  ago.  The  following  history  of  the  invention  is  given  by  Ber- 
thoud: 

“ The  most  ancient  equation  clock,”  says  he,  “ which  has  come  to 
our  knowledge,  is  that  which  was  placed  in  the  cabinet  of  Charles  II. 
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King  of  Spain,  and  which  is  mentioned  at  the  end  of  The  Artificial 
Rule  of  Time , by  Sully,  (edition  1717,)  who  gives  the  following 
account  of  it,  from  an  extract  of  a letter  from  the  Rev.  Father  Kresa, 
of  the  Society  of  Jesus,  written  to  Mr  Williamson,  watchmaker  of 
the  cabinet  of  his  Imperial  Majesty,  of  the  9th  January,  1715. 

“ What  M.  Baron  Leibnitz  says,  in  his  remarks  at  the  end  of  Sully ’s 
book, — that  if  a watch  or  clock  did  of  itself  make  the  reduction  of 
equal  time  to  apparent,  it  would  be  a very  fine  and  convenient  thing, 
— on  this  subject  I have  to  tell  you,  that  from  the  years  1699  and 
1700,  there  has  been  in  the  cabinet  of  King  Charles  II.  of  glorious 
memory,  King  of  Spain,  a clock,  with  a royal  pendulum,  (seconds 
pendulum,)  made  to  go  with  weights,  and  not  with  springs,  going 
four  hundred  days  without  requiring  to  be  once  wound  up.  I have, 
by  order  of  his  Majesty,  and  in  his  presence,  seen  and  explained  the 
instructions,  which  were  sent  from  London  with  watches,  which  con- 
tained many  curious  things.  I had  orders  to  go  every  day  to  the 
palace,  during  several  months,  to  observe  the  said  clock,  and  compare 
it  with  the  sun-dial;  and,  at  that  time,  I remarked  that  it  showed  the 
equation  of  time,  equal  and  apparent , exactly  according  to  the  tables 
of  Flamstead,*  which  are  found  likewise  in  the  Rodolphine  Tables, 
&c.” 

Sully  at  the  end  of  the  letter,  of  which  an  extract  has  just  been 
given,  makes  the  following  remarks,  page  9:  “ What  the  Rev.  Father 
Kresa  relates  of  the  clock  of  the  late  King  of  Spain,  is  very  true.  It 
is  more  than  twenty  years  since  such  clocks  were  made  in  London; 
and  I believe  that  I am  the  first  who  applied  this  mechanism  (for 
equation,)  to  a pocket-watch,  twelve  or  fourteen  years  ago.'” 

A very  curious  and  excellent  equation  clock,  (made  by  Mudge 
and  Dutton,)  and  some  other  things,  were  left  by  the  late  General 
Clerk  to  the  late  Sir  John  Clerk,  and  entailed  on  the  house  of 
Pennycuick.  One  of  which  was  a spring  clock  by  the  same  makers, 
having  a very  ingenious  sort  of  motion  work,  so  contrived  as  to  make 
the  clock  strike  what  may  be  called  Roman  hours.  The  General 
was  of  a studious  disposition,  and  disliked  hearing  the  long  hours 
as  they  were  struck  in  the  ordinary  way  by  common  clocks.  This 
spring  clock  stood  in  his  library,  or  reading  room;  it  had  two  bells, 
one  of  them  larger  than  the  other,  having  a tenor  sound, 
the  smaller  one  sounding  sharp;  one  blow  on  the  tenor  bell  was 

* The  earliest  equation  tables  were  calculated  by  our  first  Astronomer  Royal,  Mr 
Flamstead  at  Greenwich. 
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reckoned  five,  and  one  on  the  sharp  bell  was  reckoned  one;  for 
example,  when  a long  hour  was  to  be  struck,  such  as  the  twelve 
o’clock  hour,  two  blows  on  the  tenor  bell  made  ten,  and  two  on  the 
sharp  bell  made  two  more,  equal  to  twelve.  One  blow  on  the 
tenor  bell  and  three  on  the  sharp  bell  indicates  the  eight  o’clock 
hour.  One  blow  on  the  sharp  bell  and  two  on  the  tenor  bell,  or  ten 
minus  one,  was  the  hour  of  nine.  One  blow  on  the  tenor  bell  was 
the  five  o’clock  hour,  and  in  like  manner  the  other  hours  were  given. 
There  is  a clock  made  by  Tompion,  belonging  to  the  Right  Honour- 
able the  Earl  of  Moray,  at  the  house  of  Donibristle,  which  strikes 
the  hours  somewhat  in  this  way,  by  means  of  a sort  of  count  wheel, 
so  far  as  we  remember. 

A gentleman,  somewhat  like  General  Clerk,  complained  to  his 
watchmaker,  that  he  could  not  bear  the  the  tick  tack  noise  which  his 
spring-clock  made,  and  wanted  much  to  have  it  suppressed  if  possible; 
the  escapement  it  had  was  of  the  crown  wheel  and  verge  kind.  To 
obtain  the  end  of  preventing  a noise  being  made,  a piece  of  gut  was 
put  across  the  opening  or  sink  made  for  the  pallets  of  the  verge,  just 
at  the  part  where  the  crown-wheel  teeth  dropped  or  fell  on  them,  (it 
must  be  observed  that  the  gut  was  stretched  parallel  to  the  line  of 
the  verge  arbor,)  which  had  the  desired  effect  of  taking  the  noise 
away;  and  what  was  very  remarkable,  after  a great  many  years  going, 
no  wearing  or  mark  of  any  kind  was  visible  on  the  gut.  We  have 
put  thin  and  hard  steel  springs,  both  on  verge  and  anchor,  or  recoil- 
ing pallets,  with  pretty  good  effect,  for  softening  down  the  noise  made 
by  the  beats  of  the  clock. 

Description  of  Pennycuick  House  Equation  Clock. 

This  clock  goes  a month,  strikes  the  hour,  and  has  a strike-silent 
piece.  The  escapement  is  made  after  that  of  John  Harrison’s, 
requiring  no  oil  to  the  pallets  ; the  pendulum  is  a gridiron  compen- 
sation one,  composed  of  five  rods,  three  of  which  are  steel,  the  other 
two  of  zinc,  or  some  compound  of  zinc.  On  the  dial  are  seen  the 
hours,  minutes,  and  seconds,  and  their  hands.  The  minute  hand 
keeps  mean  or  equal  time  ; the  equation  of  time  is  given  by  a hand 
with  a figure  of  the  sun  on  it,  keeping  solar  or  unequal  time,  and 
shows  at  all  times  when  the  sun  is  on  the  meridian.  Its  differ- 
ence from  the  minute  hand  is  the  equation  of  time.  The 
age  and  phases  of  the  moon  are  also  represented,  the  days  of 
the  year,  and  of  the  month,  the  degrees  of  the  ecliptic,  and  the 
signs  of  the  zodiac,  the  rising,  and  setting  of  the  sun,  the 
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length  of  the  day,  &c.  The  dial  is  a twelve  inch  arched  one. 
Concentric  with  the  arch,  is  a sort  of  ring-plate  wheel  of  365 
teeth,  making  its  revolution  in  a year,  or  365  days.  Its  diameter  is 
about  8 inches,  and  the  breadth  of  the  rim  or  ring  1^  inch  nearly. 
On  this  ring-plate,  at  the  outermost  circles  containing  divisions,  are 
laid  down  the  days  of  the  year ; and  on  the  space  next  within  are 
the  names  of  the  months,  the  days  being  numbered  by  the  figures, 
10,  20,  &c.  The  next  circles  contain  the  360  degrees  of  the 
ecliptic;  the  space  within  has  the  signs  of  the  zodiac,  and  the 
numbers  10,  20,  and  30,  marked  for  the  degrees  in  every  sign,  and 
corresponding  with  the  days  of  the  year  and  of  the  month,  when  the 
sun  is  in  any  of  these  signs.  The  innermost  circles  contain  what  may 
be  called  the  divisions  of  the  semi-diurnal  arcs.  On  the  space  out- 
side of  this  are  marked  the  corresponding  hour  figures  in  Roman 
characters.  This  is  what  gives  the  time  of  the  rising  and  setting  of 
the  sun,  and  the  length  of  the  day. 

In  the  annual  plate-ring  are  rivetted  six  small  brass  pillars,  one 
inch  and  one-tenth  of  an  inch  in  height,  whose  opposite  ends  are 
screwed  by  steel  screws,  and  their  heads  sunk  into  a plain  ring  wheel 
neatly  crossed  into  six  arms,  the  diameter  being  five  inches  and  three 
quarters  of  an  inch,  and  the  breadth  of  the  rim  three-eighths  of  an 
inch.  The  back  of  this  plain  ring  is  distant  from  the  back  of  the 
annual  plate-ring  one  inch  and  a quarter.  The  plain  ring  is  at  the 
centre,  screwed  on  a brass  socket,  having  a square  hole  in  it.  Within 
the  frame  of  the  clock  movement,  and  at  a perpendicular  distance 
of  six  inches  from  the  centre  wheel  holes,  a steel  arbor  is  run  in, 
and  at  one  end,  prolonged  about  an  inch  and  a half  beyond  the 
fore  frame  plate,  somewhat  like  a stud.  The  pivot  in  the  fore  plate 
is  of  such  a length  and  thickness  as  to  allow  a square  on  its  outside. 
It  is  on  this  square  that  the  equation  ecliptic  plate  is  put,  and  above 
it  is  put  on  the  annual  plain  ring  by  means  of  its  socket,  with  a square 
hole  in  it.  That  part  of  the  arbor  which  is  above  the  socket  is  round, 
and  serves  as  a stud  for  the  moon’s  age  ring  socket  to  revolve  on  it 
freely  and  easily.  The  moon’s  age  ring  turns  within  the  annual 
plate  ring,  and  is  divided  into  59  equal  parts,  numbered  3,  6,  9, 
and  so  on  to  29i-  Its  diameter  is  five  inches  and  one-eighth  ; its 
breadth  fully  three-eighths  of  an  inch,  and  it  is  connected  with  a plain 
wheel  neatly  crossed  into  six  arms,  of  the  same  diameter  and  breadth 
of  rim  as  the  moon’s  age  ring,  having  six  small  pillars,  nearly  an  inch 
in  height,  rivetted  into  it,  and  the  moon’s  age  ring  screwed,  at  the 
opposite  ends  of  three  of  them,  by  three  sunk  steel  screws.  This  plain 
ring  has  a socket  which  runs  or  turns  on  the  stud  above  the  annual 
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plain  wheel;  the  face  of  the  moon's  age  ring  comes  flush  up  with  that 
of  the  annual  plate-ring,  and  both  come  up  to  the  back  of  the  dial, 
in  which  an  opening  in  the  arch  is  made,  in  order  to  show  a great 
part  of  what  is  on  these  rings.  From  the  top  of  the  arch,  across  the 
opening,  and  down  in  a straight  direction,  is  stretched  a very  fine 
wire,  serving  as  an  index  to  the  days  of  the  year,  the  moon's  age,  &c. 
The  annual  plate-ring  and  the  moon's  age  ring,  move  or  turn  from 
the  right  to  the  left  hand,  yet  separately  and  independently  of  each 
other.  On  the  inside  shoulder  of  the  socket  of  the  moon's  age  ring 
is  screwed  a small  bevelled  wheel,  having  37  teeth,  and  one  inch  in 
diameter,  the  use  of  which  will  be  afterwards  explained.  In  the  dial 
is  a circular  opening  of  one  inch  and  three  quarters  in  diameter,  a 
little  below  the  opening  in  the  arch:  in  this  opening  is  exhibited  the 
lunar  globe  of  an  inch  and  a quarter  in  diameter,  made  of  brass,  and 
silvered;  one  half  of  it  is  perpendicularly  painted  black,  in  order  to 
give  the  phases  the  new  and  the  full  moon.  On  the  arbor  of  the 
lunar  globe  are  two  wheels,  one  of  63  teeth,  and  about  an  inch  in 
diameter,  the  other,  a bevelled  one  of  the  same  diameter,  and  with  37 
teeth.  Both  are  placed  below  the  lunar  globe;  the  wheel  of  37  and 
the  globe  are  fast  on  the  arbor;  the  wheel  of  63  being  keyed  spring- 
tight  above  the  bevelled  one.  The  arbor  of  the  lunar  globe  is  in  the 
plane  of  the  dial,  or  nearly  so,  and  this  bevelled  wheel  takes  or  pitches 
into  that  of  the  same  number,  which  is  screwed  on  the  moon's  age 
ring  socket  as  before  mentioned;  and,  by  means  of  holes  in  the  ring, 
the  whole,  that  is,  the  globe,  the  bevelled  wheels,  and  the  moon's  age 
ring,  &c.  can  be  made  to  turn  together,  when  the  moon  is  at  any 
time  setting  to  its  proper  age.  The  pivots  of  the  lunar  globe  arbor 
run  on  cocks,  which  are  screwed  on  to  the  back  of  the  dial.  Behind 
the  globe,  and  at  a little  distance  from  it,  is  screwed  on  to  the  back 
of  the  dial,  a sort  of  concave  or  hollow  hemisphere  of  thin  plate  brass, 
painted  inside  of  a sky-blue  colour. 

We  shall  now  proceed  to  show  how  the  moon’s  motion  is  produced. 
On  the  top  of  the  month  nut-socket,  where  it  lies  in  the  plane  of 
the  dial,  is  cut  a right-handed  dopble  endless  screw,  working  into 
a small  brass  wheel  of  15  teeth,  which  is  on  the  lower  end  of  a long 
arbor,  standing  upright  in  a slit  made  in  the  dial.  This  slit  is 
covered  by  a large  circular  silvered  plate,  on  which  are  engraved  the 
hours,  minutes,  and  seconds ; on  the  upper  end  of  this  long  arbor,  is 
a pinion  of  8,  which  carries  about  the  wheel  of  63,  and  with  it  at  the 
same  time,  the  bevelled  wheels,  globe,  and  moon's  age  ring.  The 
pivots  of  the  long  upright  arbor  run  in  small  cocks  attached  to  the 
back  of  the  dial.  The  month  nut,  or  hour  wheel  socket,  makes  a 
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revolution  in  twelve  hours,  carrying  the  hour  hand.  The  revolution 
of  the  moon's  age  ring  is  made  in  29  days,  12  hours,  and  45  minutes. 
The  wheel  of  63  and  15  being  multiplied  together,  the  product  is 
945,  and  this  divided  by  8,  the  number  of  the  pinion,  gives  118.125 
times  six  hours,  which  being  reduced,  gives  the  lunation,  or  a 
revolution  of  the  moon’s  age  ring  as  above,  of  29  days,  1 2 hours,  45 
minutes.  The  time  of  the  revolution  may  be  made  out  by  another 
way.  It  is  evident  that  one  tooth  of  the  small  wheel  of  15  is  turned 
every  six  hours;  of  course  the  wheel  will  be  made  to  have  a revo- 
lution in  90  hours,  and  so  will  the  pinion  8.  Then,  if  we  say, 
as  8 : 90  : : 63  : 708.75  hours,  which  is  also  equal  to  the  given 
lunation  of  29  days,  12  hours,  45  minutes.  To  produce  the  annual 
motion  of  the  ring-plate  wheel  of  365  teeth,  the  month  nut  is  cut  into 
42  teeth,  and  makes  its  revolution,  as  was  said  before,  in  12  hours, 
and  turns  a wheel  of  84,  concentric  with  which  is  a pinion  of  8,  lead- 
ing a wheel  of  96,  having  concentric  with  it  a pinion  of  12,  leading 
the  wheel  of  365,  which  is  the  plate-ring  circle,  having  on  it  the 
days  and  months  of  the  year,  the  degrees  of  the  ecliptic,  &c.  turning 
once  round  in  365  days.  Now,  as  365  X 96  X 84  = 2943360,  this 
product,  divided  by  that  of  42  x 8 X 12  = 4032,  will  give  730  times 
twelve  hours,  or  365  days.  The  pinion  of  12  is  put  on  a square, 
which  comes  in  and  through  a small  hole  in  the  large  silvered 
circular  plate,  the  wheel  of  96  is  put  on  a round  part  of  the  arbor  just 
below  the  pinion,  and  is  keyed  spring-tight  on  it;  by  means  of  a 
small  key  which  fits  the  square,  to  turn  the  pinion,  the  annual  wheel 
of  365  teeth  can  be  set  to  any  required  day  of  the  month,  which  can 
be  done  without  disturbing  any  of  the  motion  wheels.  The  setting 
of  the  moon’s  age  ring  is  equally  free  as  this  from  any  disturbing 
cause.  The  diameter  of  the  month  nut  wheel  of  42  is  one  inch,  and 
three  and  a half  tenths  of  an  inch;  that  of  the  wheel  of  84  is  2.5 
inches,  and  near  to  a tenth  and  a half  more.  The  wheel  of  96  is 
three  inches,  its  pinion  of  12  is  .307  of  an  inch,  the  pinion  of  8 is 
.316  of  an  inch  in  diameter. 

The  minute-pipe  wheel  of  56  teeth,  and  1.8-inch  in  diameter,  runs 
on  the  arbor  of  the  centre  wheel,  carrying  the  minute  hand.  It 
turns  in  the  common  way  the  minute  wheel  m of  the  same  number 
and  diameter,  whose  centre  lies  nearly  under  that  of  the  other,  about 
.6  of  an  inch  to  the  right  of  the  middle  line  of  the  fore  frame  plate, 
and  1.7  inch  from  the  centre  of  the  minute-hand  wheel.  The  arbor 
of  the  minute  wheel  has  a pinion  of  8,  leading  in  the  common  way  the 
hour  wheel  of  96,  whose  diameter  is  3.25  inches,  that  of  the  pinion  is 
*.426  of  an  inch.  This  pinion  of  8 is  put  on  the  arbor  by  means  of  a 
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square,  and  with  the  minute  wheel  both  are  fast  on  the  arbor.  See 
Plate  XI.  No.  62.  The  upper  side  of  the  wheel  may  be  distant  from 
the  lower  face  of  the  pinion  about  .7  of  an  inch,  the  lower  side  having 
a proper  freedom  from  the  fore  plate.  Two  wheels,  one  a plain 
wheel  of  38,  the  other  a bevelled  one  of  38,  having  the  same  diameter 
1.2  inch,  are  screwed  together,  and  on  a socket  common  to  both;  the 
flat  wheel  is  the  uppermost,  and  is  pretty  close  to  the  back  of  the 
bevelled  one,  whose  teeth  look  downwards;  their  socket  turns  on  the 
minute-wheel  pinion  arbor,  between  the  lower  face  of  the  pinion  and 
the  upper  side  of  the  minute  wheel,  having  a proper  end-shake  between 
them ; the  back  of  the  flat  wheel  of  38  is  below  the  lower  face 
of  the  pinion  A of  an  inch.  These  wheels  of  38  can  be  made  to 
turn  on  the  minute-pinion  arbor,  independent  of  it  and  the  minute- 
wheel.  The  minute-wheel  and  pinion  arbor  extend  a little  way 
beyond  and  below  the  minute-wheel,  perhaps  one  inch,  and  three  or 
four-tenths  more  to  the  end  of  its  pivot ; it  extends  also  beyond  the 
face  of  the  pinion  more  than  .6  of  an  inch  to  the  end  of  its  pivot, 
which  runs  into  a cock  0 screwed  on  the  fore-frame  plate.  There  is 
a part  formed  on  the  arbor  of  a flat  circular  shape,  and  whose  thickness 
is  rather  more  than  that  of  the  diameter  of  the  arbor ; in  the  middle 
of  this  a hole  is  tapped,  into  which  is  screwed  a stud,  standing  at 
right  angles  to  the  arbor  ; a bevelled  wheel  of  38,  and  diameter  1.2 
inch  with  its  socket  turns  on  this  stud,  which  is  placed  on  the  arbor 
at  that  distance,  so  that  the  two  bevelled  wheels  may  fairly  pitch  into 
one  another ; the  minute-wheel  is  crossed  into  four,  and  through  one 
of  the  cross  openings,  the  bevelled  wheel  B,  which  is  on  the  stud,  gets 
to  pitch  with  the  bevelled  wheel  &,  which  is  above  the  minute  one. 
On  the  inside  of  the  pillar  plate  is  screwed  a cock  A,  nearly  1.2  inch 
in  height,  and  so  that  the  middle  part  of  the  upper  knee  shall  be 
opposite  to  the  lower  end  and  pivot  of  the  minute  pinion  arbor.  On 
one  end  of  another  arbor,  in  length  about  2.1  inches,  having  a 
shoulder  on  it,  is  rivetted  a bevelled  wheel  c of  the  same  diameter  and 
number  of  teeth  as  the  others  ; another  shoulder,  of  just  a sufficient 
thickness,  is  made  on  this  arbor  at  the  back  of  the  bevelled  wheel ; 
the  rest  of  the  arbor  is  nearly  straight  all  the  way  to  the  shoulder  of 
a pivot  which  is  at  this  end;  from  this  shoulder  the  arbor  is  squared 
down  for  about  .6  or  .7  of  an  inch,  to  receive  the  socket  of  a small 
wheel  W of  32  teeth,  which  turns  behind  the  pillar  plate  ; this  wheel 
is  nearly  one  inch  in  diameter,  and  a cock  K is  screwed  on  the  back 
of  the  pillar  plate,  in  which  the  pivot  of  the  wheel  of  32  runs ; a pin 
is  put  through  the  socket  and  square,  to  keep  the  wheel  fast  to  its 
place  on  the  arbor.  When  the  shoulder  at  the  back  of  the  bevelled 
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wheel  bears  on  the  outside  of  the  kneed  cock,  which  is  on  the  inside 
of  the  pillar  plate,  the  cock  having  a hole  in  it  which  allows  the 
arbor  to  go  through  and  to  turn  freely,  then  the  pivot  of  the  arbor 
will  run  in  the  cock  which  is  at  the  back  of  the  pillar  plate.  The  inside 
bottom  of  the  bevelled  wheel,  which  is  rivetted  on  the  shoulder  of 
this  arbor,  has  the  end  of  the  arbor  made  flush  with  it,  and  a hole 
made  in  the  end  and  centre  of  the  arbor  to  receive  the  lower  pivot 
of  the  minute  pinion,  in  which  it  runs  or  turns;  the  bevelled  wheel, 
which  is  on  the  stud,  being  supposed  to  be  set  as  low  down  as  it  shall 
meet,  and  pitch  properly  with  that  which  is  at  the  end  of  the  other 
arbor. 

It  will  now  be  seen  that  the  end-shake  of  these  arbors,  when  com- 
bined, will  lie  between  the  minute-pinion  cock  on  the  fore  plate,  and 
that  which  is  on  the  back  of  the  pillar  plate.  Let  us  suppose,  that 
the  bevelled  wheel,  which  is  at  the  end  of  one  of  these  arbors,  remains 
stationary,  and  that  the  minute-pinion  and  wheel  are  carried  about 
by  the  minute-pipe  wheel,  which  is  on  the  arbor  of  the  centre  wheel ; 
during  a revolution  of  the  minute- wheel  and  pinion,  the  bevelled 
wheel  which  turns  on  the  stud,  will  be  carried  not  only  round  with 
its  stud,  but  is  made  to  make  another  revolution  by  means  of  its  turn- 
ing round  on  the  teeth  of  the  bevelled  wheel,  which  is  stationary, 
causing  the  bevelled  wheel,  and  the  flat  wheel  connected  with  it, 
which  are  below  the  minute-pinion,  to  make  two  revolutions  in  the 
hour ; and  as  the  flat  wheel  of  38  teeth  turns  the  sun-hand  wheel  of 
76  teeth,  and  2.3  inches  in  diameter,  this  last  must  make  its  revolu- 
tion in  an  hour.  Its  socket  turns  freely  on  that  of  the  minute-pipe 
wheel,  which  carries  the  minute  hand ; between  the  sun  hand  wheel 
and  this  minute-pipe  wheel,  is  a slender  spiral  spring,  the  inner  end 
of  which  is  fixed  to  the  lower  end  of  the  sunVwheel  socket,  the  outer 
end  being  fixed  in  a stud  on  the  upper  surface  of  the  minute-hand 
wheel.  This  spring  is  for  the  purpose  of  keeping  forward  the  sun 
hand  to  its  place,  notwithstanding  any  shake  which  may  be  among 
the  teeth  of  those  wheels  concerned  in  the  equation  motion  work. 
The  sun’s  hand  is  of  brass  gilded,  having  the  figure  of  the  sun  on  it, 
at  a little  distance  from  the  end  which  points  to  the  minute  divisions. 
The  sun’s  hand  lies  between  the  hour  and  minute  hands  ; the  wheel 
of  7 6,  which  carries  it,  besides  the  motion  of  going  once  round  in  an 
hour,  has  at  one  time  a small  motion  retrograde,  at  another  a small 
motion  progressive,  according  to  the  equation ; and  there  are  four 
times  in  the  year  when  the  minute  and  sun  hands  are  nearly  together. 
One  half  nearly  of  the  sun  wheel  is  crossed  out  on  that  side  in  which 
the  sun’s  hand  lies,  in  order  that  the  equilibrium  of  the  hand  and  wheel 
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may  be  as  nice  as  possible,  whatever  may  be  the  position  of  the  sun 
hand. 

From  the  centre  wheel  hole  on  the  fore  frame  plate,  towards  the 
left  hand,  and  a little  upwards,  take,  with  a pair  of  compasses,  a dis- 
tance of  3.8  inches,  and  sweep  an  arch,  and  then  from  the  centre  of 
the  hole  in  which  the  arbor  runs,  which  carries  the  annual-plate  wheel, 
take  in  the  compasses  an  extent  of  4.6  inches,  and  sweep  another  arch 
so  as  to  intersect  the  first,  the  place  of  intersection  will  be  that  of  an 
arbor  having  pivots,  one  of  which  runs  into  a cock  screwed  on  the 
back  of  the  pillar  plate;  the  other  runs  into  a cock  screwed  on  the 
front  of  the  fore  frame  plate ; a notch  is  made  on  the  edge  of  each 
frame  plate  to  admit  the  arbor  to  come  to  its  place.  On  the  end  of 
this  arbor,  which  is  just  behind  the  pillar  plate,  is  fixed  a rack,  or  seg- 
ment of  a circle,  5 inches  radius,  having  32  teeth  cut  on  it,  cut 
from  a number  on  the  engine  plate  of  318;  the  rack-teeth  pitch  into 
the  small  wheel  of  32,  which  lies  behind  the  pillar  plate,  and  whose 
centre  coincides  with  that  of  the  minute-pinion  arbor,  as  mentioned 
before.  On  the  other  end  of  this  arbor,  and  beyond  the  fore  frame 
plate  a very  little,  is  fixed  an  arm  of  4.5  inches  long,  having  at  the 
end  of  it  a smooth  hard  steel  pin,  which  bears  on  the  edge  of  the 
annual-elliptic  equation  plate,  being  made  to  do  so  by  moans  of  a coil 
or  two  of  watch  main-spring  not  very  strong,  attached  to  the  arbor, 
near  to  the  inside  of  the  fore  frame  plate,  the  outer  end  being  fixed 
to  one  of  the  pillars,  or  to  a stud  fixed  for  that  purpose  on  the  inside 
of  the  fore  plate.  The  elliptic  equation  plate  is  a very  irregular  sort 
of  a figure,  as  may  be  conceived  in  some  degree  by  the  description  of 
its  shape;  its  greatest  length  over  all  is  6.5  inches;  the  centre  is  3.8 
inches  from  the  broadest  end,  and  2.7  inches  from  the  narrowest;  the 
nearest  edge  across  the  centre  is  about  one  inch,  and  the  edge  opposite 
is  1.8  inch;  the  greatest  breadth  of  the  broad  end  is  near  to  4 
inches,  that  of  the  narrowest  end  is  2.8  inches.  During  the  course 
of  its  annual  revolution,  the  edge  of  the  elliptic  plate  makes  the  arm 
which  has  the  steel  pin  in  it  rise  to  various  heights,  and  fall  as 
variously  to  different  depths.  By  this  rising  and  falling,  the  rack  which 
is  at  the  opposite  end  of  the  arbor,  is  made  to  have  a motion  some- 
times backward,  and  at  other  times  forward,  which  it  communicates 
to  the  small  wheel  of  32,  behind  the  pillar  plate,  and  of  course  to 
the  bevelled  wheel  of  38  on  the  same  arbor  with  it.  This  continually 
causes  a small  change  of  place  to  the  bevelled  wheel  of  38,  conse- 
quently a change  of  place  to  that  which  turns  on  the  stud,  and  hence 
to  the  wheel  carrying  the  sun  hand.  This  change  is  what  gives  the 
equation,  shown  by  the  difference  of  time  between  the  minute  and 
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sun  hand.  When  the  pin  in  the  arm  falls,  the  equation  or  sun  hand 
goes  forward,  and  when  rising  it  goes  backward.  The  greatest  nega- 
tive equation  for  1815,  on  the  third  day  of  November,  is  16  minutes, 
14.9  seconds,  which,  added  to  the  greatest  positive  equation  for  the 
same  year  on  the  11th  of  February,  being  14  minutes,  36.5  seconds, 
makes  in  all  30  minutes,  51.4  seconds  ; so  that  one  tooth  of  the  wheel 
of  32  may  be  nearly  equivalent  to  one  minute  of  equation.  To  trace 
properly  a true  figure  to  the  equation  plate,  must  be  a very  tedious 
and  nice  operation;  for  this  purpose  the  rack,  and  all  the  wheels 
immediately  connected  with  the  equation,  must  be  put  into  their  places, 
as  also  all  those  which  give  motion  to  the  annual  plate,  and  to  have  a 
spring  tight  arm,  having  a sharp  point  to  it,  bearing  on  the  face  of 
the  brass-plate,  which  is  to  be  the  elliptic  one:  the  sharp  point  must 
lie  so  as  to  coincide  with  the  side  of  the  steel  pin  when  bearing  on  the 
edge  of  the  elliptic  plate.  The  sun  and  minute  hands  being  on,  and 
the  annual  plate  set  to  the  first  of  January,  the  equation  hand  set  to 
the  equation  for  that  day,  then  by  setting  forward  the  minute  hand 
12  or  24  hours,  the  equation  hand  may  be  changed  to  what  it  ought 
to  be  in  the  same  time;  so  by  going  on  step  by  step  in  this  way, 
the  figure  of  the  equation  or  elliptic  plate  may  be  truly  done.  The 
rack  must  be  artificially  made  to  assist  in  this;  and  when  the  revolu- 
tion is  completely  at  the  end,  before  taking  out  the  rack  and  the 
equation  wheels,  marks  must  be  made  to  one  of  those  teeth,  and  like- 
wise to  its  corresponding  space  in  other  wheels,  so  that  when  they 
are  again  put  into  their  places,  they  shall  give  such  equation  as  was 
done  when  tracing  for  the  elliptic  plate. 

Besides  the  days  of  the  month,  which  are  shown  on  the  annual 
plate,  there  is  a common  month  ring,  having  31  figures  engraved  on 
it,  placed  as  usual  at  the  back  of  the  dial.  One  of  these  figures  is 
shifted  every  day  through  the  whole  ring  when  the  month  consists  of 
31  days,  and  two  figures  at  the  last  are  shifted  at  once  when  the 
month  consists  of  30  days,  to  bring  the  ring  to  the  first  day  of  the 
succeeding  month ; and  at  the  28th  of  February,  four  figures  are 
shifted,  so  as  to  bring  the  ring  to  the  first  of  March : by  this  means, 
the  day  of  the  month  ring  requires  no  shifting  or  correcting  at  these 
periods,  as  those  in  the  common  way  do.  To  produce  this  motion, 
five  short  steel  pins  are  placed  in  a circle,  on  the  under  side  of  the 
elliptic  plate,  whose  radius  may  be  about  half  an  inch,  and  set  at 
such  a distance  from  one  another  as  to  correspond  with  the  numbers 
of  days  between  February  and  April,  between  April  and  June,  between 
June  and  September,  between  September  and  November,  and 
between  November  and  February.  This  may  be  done  by  applying 
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the  elliptic  plate  on  a cutting  or  dividing  engine,  having  the 
number  365  on  the  dividing  plate.  When  fixed  on  the  engine, 
and  set  to  the  first  point  of  the  number,  make  a point  for 

February  on  the  elliptic  plate,  then  count  off  61  from  the  divid- 

ing plate,  which  will  give  the  place  for  the  pin  on  the  30th  of 
April ; another  61  will  bring  it  to  June  30th ; 92  will  give 

the  30th  September;  61  the  30th  November;  and  90  more  will 

bring  it  to  the  28th  of  February,  the  point  from  which  we  set 
out.  When  the  pins  are  put  in  the  elliptic  plate,  that  for 
F ebruary  will  require  to  be  longer  than  the  others,  for  a reason  which 
will  be  explained  when  we  come  to  show  the  use  of  these  pins.  The 
month  wheel  of  84  teeth,  and  whose  diameter  is  2.75  inches,  has  its 
centre  on  the  left-hand  side,  distant  from  the  central  perpendicular 
line  1.4  inch,  and  from  the  centre  hole  in  the  fore  frame  plate  2 inches. 
The  month  wheel,  as  usual,  is  turned  about  by  the  month  nut.  A 
long  piece  of  brass  forming  two  arms,  each  four  inches  in  length, 
has  a small  arbor  through  the  middle  of  the  whole  length  of  eight 
inches.  The  pivots  of  this  arbor  run  into  small  cocks,  attached  to  the 
front  of  the  fore  plate,  keeping  the  long  piece  of  brass  very  near  to 
the  plate : indeed  a great  part,  particularly  the  end  of  the  upper  arm, 
and  towards  it,  is  sunk  partly  into  the  fore  plate.  This  long  piece 
of  brass  is  placed  so,  that  one  of  the  arms  shall  come  to  the  socket  of 
the  month  wheel,  and  the  other  with  its  end  nearly  below  the  circle 
in  which  are  the  five  pins,  in  the  annual  elliptic  plate  described  as 
before.  A spring  is  placed  below  this  upper  arm  to  keep  it  up, 
unless  when  any  of  the  pins  get  on  the  end  of  the  arm  and  press  it 
down.  The  end  of  the  arm  is  chamfered,  or  made  so  that  any  pin, 
when  approaching  it,  gets  easily  on  and  presses  it  down  gradually,  by 
means  of  ascending  the  chamfered  part;  and,  when  past  this,  it  meets 
with  a flat  and  very  narrow  place,  where  it  cannot  remain  longer  than 
some  time  short  of  24  hours,  say  16  or  18  hours,  or  perhaps  not  so 
long.  After  having  passed  the  flat  part,  it  meets  with  a chamfered 
side  opposite  to  that  of  the  first.  Besides  that  of  freeing  the  pin, 
this  is  made  for  the  purpose  of  more  easily  setting  back  or  forward 
the  annual  plate. 

The  month  wheel  has  its  socket  equally  long  on  both  sides,  and 
quite  straight,  the  length  of  each  may  be  .6  or  .7  of  an  inch.  Two 
small  brass  pillars  are  rivetted  on  the  upper  side,  and  opposite  one 
another,  each  at  a distance  from  the  centre  of  the  wheel  about  .7  of 
an  inch,  (See  No.  62,  2 and  3.)  the  height  of  the  pillars  from  the 
wheel  to  the  shoulder  about  half  an  inch;  and  from  the  shoulder  of 
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each  pillar,  a sort  of  straight  pivot  is  prolonged  about  half  an  inch 
more;  the  diameter  of  these  pivots  about  one-tenth  of  an  inch,  that 
of  the  pillar  .2  of  an  inch.  There  is  another  socket  which  goes  easily 
on  the  lower  or  under  socket  of  the  month  wheel,  which  is  rivetted 
in  a rectangular  piece  of  brass,  about  an  inch  long,  and  half  an  inch 
broad,  or  nearly  so,  say  .4  of  an  inch.  In  this  piece  of  brass,  on  the 
side  opposite  that  of  the  socket,  are  also  rivetted  two  small  and 
straight  brass  pillars,  about  an  inch  in  length,  and  the  diameter  about 
one-tenth  of  an  inch.  There  are  holes  in  the  month  wheel  to  allow 
these  pillars  to  go  easily  back  and  forward  in  them ; their  places  will 
be  equally  between  the  month-wheel  socket  and  the  pillars  which  are 
rivetted  in  the  month  wheel.  The  other  ends  of  the  small  straight 
pillars  are  made  fast,  by  two  small  steel  screws,  to  a piece  of  brass, 
which  is  formed  to  correspond  with  two  broad  crosses  of  the  month 
wheel.  Only  one  of  them  is  made  to  have  at  the  end  a segment  of  a 
circle,  whose  radius  is  nearly  equal  to  that  of  the  month  wheel.  On 
this  segment  three  teeth  are  cut,  equal  in  their  spaces,  and  conform 
to  those  of  the  month  ring.  In  the  arms  or  crosses  of  the  segment 
are  three  holes,  one  of  which  goes  easily  over  or  on  the  upper  socket 
of  the  month  wheel : the  other  two  holes  go  easily  on  the  small  straight 
pivots,  which  have  been  already  mentioned.  This  segment  cannot  be 
put  on  the  ends  of  the  small  pillars,  till  the  socket  of  the  rectangular 
piece  of  brass  is  put  on  the  lower  socket  of  the  month  wheel,  having 
previously  made  the  pillars  connected  with  it  to  pass  through  their 
holes  in  the  month  wheel.  It  will  be  easy  to  perceive,  that  when  the 
segment  is  put  on  to  its  pillars,  and  a sufficient  space  left  behind  the 
month  wheel  and  the  rectangular  piece  of  brass,  its  socket  may  be 
made  to  pump  up  and  down  on  that  of  the  month  wheel,  and  at  the 
same  time  carrying  the  segment  back  and  forward  with  it:  a pin  in 
the  month  wheel  stud  keeps  the  month  wheel  socket  always  to  its  pro- 
per end-shake,  notwithstanding  any  motion  of  the  segment  backward 
and  forward.  Below  the  rectangular  piece  on  its  socket,  a small 
groove  is  turned  out,  for  the  purpose  of  a forked  piece  getting  on 
it:  this  forked  piece  is  formed  on  that  end  of  the  arm  which  lies 
along  the  fore  plate,  and  on  to  the  socket  or  centre  of  the  month 
wheel. 

From  the  preceding  description,  it  is  evident  that  when  any  of  the 
elliptic  plate  pins  come  to  press  down  that  end  of  the  upper  arm  which 
lies  near  and  under  them,  the  forked  end  will  raise  up  the  grooved 
socket,  and  the  segment  which  is  connected  with  it;  hence  the  teeth 
of  the  segment  will  meet  with  pins  which  are  at  the  back  of  the  month 
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ring,  and  by  their  means  will  turn  the  month  ring.  On  the  month 
wheel  is  fixed  a pin,  which,  in  common,  shifts  the  day  of  the  month 
ring;  but  in  those  months  in  which  there  are  only  30  days,  the  pins 
in  the  elliptic  plate,  which  press  down  the  end  of  the  arm,  make  the 
segment  be  pumped  up  only  so  far  as  to  meet  with  one  of  the  pins  at 
the  back  of  the  month  ring,  which  is  a little  longer  than  the  other 
two;  and  one  day  being  shifted  by  it,  and  another  by  the  fixed  pin 
in  the  month  wheel,  this  makes  the  shifting  from  the  30th  to  the  1st 
day  of  the  succeeding  month. 

The  pin  in  the  elliptic  plate,  for  the  month  of  February,  being 
longer  than  the  others,  presses  the  end  of  the  arm  a little  more  down, 
consequently  the  pumping  up  of  the  segment  must  be  to  a greater 
height : by  this  means  the  three  teeth  on  the  segment  get  hold  of  the 
three  pins  on  the  back  of  the  month  ring;  this,  with  the  fixed  pin  in 
the  month  wheel,  are  ready  to  shift  four  teeth  of  the  month  ring,  viz. 
from  the  28th  of  February  to  the  1st  of  March;  and  by  this  very  inge- 
nious sort  of  mechanism,  the  month  ring  shows  always  the  right 
day  of  the  month,  except  on  the  29th  of  February  in  leap  years.  It 
may  be  necessary  to  notice,  that  the  fixed  pin  in  the  day  of  the  month 
wheel  must  be  placed  at  such  a distance  from  the  first  tooth  on  the 
segment,  as  is  equal  to  the  space  between  the  teeth  on  the  segment: 
The  month  ring  is  not  attached  by  rollers  to  the  back  of  the  dial  in 
the  usual  way,  but  runs  in  four  rollers,  which  are  fixed  on  four  brass 
studs  on  the  fore-frame  plate.  This  is  for  the  conveniency  of  seeing 
more  easily  the  operations  of  the  segment  with  the  month  ring,  when 
the  segment  is  pumped  up  and  down. 

The  construction  of  the  month  wheel,  and  the  apparatus  for  shift- 
ing the  month  ring,  will  be  better  understood  from  No.  62,  2 and  3, 
where  A,  A,  is  the  month  wheel ; B,  B,  two  arms  or  crosses  nearly 
similar  to  those  of  the  month  wheel,  having  a hole  in  the  centre,  which 
goes  freely  on  the  upper  socket  of  the  month  wheel.  On  one  of  these 
arms  is  a segment  of  a circle,  nearly  of  the  same  radius  as  that  of  the 
month  wheel,  having  three  teeth  cut  on  it,  like  those  of  the  month 
ring ; a , a,  are  two  brass  pillars  rivetted  on  the  upper  side  of  the 
month  wheel,  the  upper  ends  being  formed  into  sort  of  pivots.  On 
these  and  the  month  wheel-socket,  the  segment  is  made  to  move  freely 
up  and  down.  0 is  a rectangular  piece  of  brass,  into  which  a 
socket  is  rivetted,  which  moves  up  and  down  on  the  lower  socket  of 
the  month  wheel,  having  a groove  turned  out  on  it,  receiving  the 
forked  end  of  the  arm,  which  pumps  it  up  and  down  ; b , &,  are 
two  small  pillars,  which  are  rivetted  also  into  the  rectangular  piece 
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of  brass  having  two  holes  in  the  month  wheel,  through  which  they 
pass  easily  up  and  down  ; the  other  ends  of  them  go  into  the  segment 
B B,  and  are  screwed  to  it  by  means  of  two  small  screws.  On  one 
of  the  arms  of  the  month  wheel,  is  screwed  a small  knee'd  sort  of  cock 
d , having  a pin  fixed  in  it,  for  turning  the  day  of  the  month  ring  in 
the  usual  manner. 

For  an  account  of  an  equation  clock  by  Henry  Ward  of  Blandford, 
See  Trans,  of  the  Society  for  Encouraging  Arts , Manufactures , and 
Commerce.  Vol.  XXXII.  See  also  Journal  de  Physique , Parisian 
M.  Abbe  Bozier.  Tom.  XXXII.  Part  1st,  for  a description  of  a clock 
made  by  Robin  of  Paris  going  apparent  time. 

The  following  is  a method  that  may  be  proposed  to  shift  a day  of 
the  month  ring,  or  a day  of  the  month  wheel,  whose  arbor  carries 
a hand  that  will  require  no  correcting  except  to  February  in  leap 
years. 

Take  a wheel  of  73  teeth,  being  the  fifth  part  of  365,  the  number 
of  days  in  a year;  if  a small  star  wheel  of  5 is  put  on  the  arbor  of 
a single  threaded  endless  screw,  working  into  the  teeth  of  the  wheel 
of  73,  and  one  of  the  radii  of  the  star  wheel  be  turned  every  24  hours, 
it  is  evident  that  five  days  will  be  required  to  move  one  tooth  of 
the  wheel  of  73.  Let  a contrate  web  or  rim  be  formed  on  one 
side  of  the  wheel  of  73  ; to  a fixed  stud,  apply  a double  or  jointed 
lever,  one  end  of  which  is  knee’d,  the  nib  resting  on  the  edge  of 
the  contrate  rim,  and  occasionally  falling  into  notches  made  in  it. 
The  other  end,  which  is  forked,  takes  in  with  a groove  or  notch, 
turned  on  the  socket  of  a 24  hour  wheel,  with  clockmakers  com- 
monly called  the  month  wheel:  on  the  knee’d  end  of  the  lever,  fall- 
ing into  any  of  the  notches,  the  forked  end  will  rise  and  pump  up 
the  month  wheel,  which  will  take  place  at  the  end  of  the  months 
having  30  days;  the  notch  for  the  end  of  February  is  a little  deeper, 
so  as  the  month  wheel  may  be  pumped  a little  more  up.  In  the 
month  wheel  which  pumps  up  and  dowrn,  there  are  four  pins  placed  so 
as  they  may  pitch  in  with  four  teeth  of  the  month  ring  or  wheel. 
The  pins  are  of  different  heights;  the  longest  is  that  which  turns  the 
month  ring  in  ordinary;  the  next  is  a little  shorter;  these  two  take 
in  with  the  ring  when  the  month  has  30  days,  and  turn  it  to  the  first 
day  of  the  succeeding  month;  all  the  four  take  in  with  it  at  the  end 
of  February,  and  turn  it  from  the  28th  to  the  1st  of  March:  the 
last  two  pins  are  of  the  same  height,  and  a little  shorter  than  the 
shortest  of  the  other  two.  The  chief  thing  to  be  considered  in  this 
business,  is  the  proportioning  the  distances  of  the  notches  in  the 
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contrate  rim.  There  are  seven  months  in  the  year,  consisting  of 
31  days  each,  four  of  30  days  each,  and  one,  in  common  years,  of 
28  days.  It  will  be  found,  when  seeking  for  the  proportions,  that 
the  screw  must  make  6.2  turns  for  each  month  of  31  days,  for  those 
of  30  days  6 turns,  and  for  that  of  28  days  5.6  turns.  The  number 
of  turns  required  for  the  screw  to  make  according  to  the  respective 
months,  being  multiplied  by  the  number  of  months,  will  give  73, 
the  number  of  teeth  in  the  wheel  having  the  contrate  rim  on  it,  and 
which  must  make  a revolution  once  in  a year  or  twelve  months. 
The  number  of  turns  which  the  screw  must  make  in  a year,  is 
shown  by  the  following  operation:  6.2  X 7 = 43.4,  6 X 4 = 24.  and 
5.6  X 1 — 5.6.  Now  43.4  + 24  + 5.6  = 73,  the  number  sought  for. 
In  setting  off  from  the  beginning  of  January,  the  nib  of  the  knee’d 
piece  will  rest  or  be  on  the  edge  of  the  contrate  rim  until  the  28th  day 
of  February;  the  screw  in  the  meanwhile  moving  the  wheel  of  73, 
will  bring  the  rim  forward  with  a notch,  into  which  the  knee’d  piece 
falling,  the  opposite  or  forked  end  of  the  jointed  lever  then  pumps  up 
the  wheel  with  the  four  pins,  and  they  turn  the  month  ring  from  the 
28th  of  February  on  to  the  1st  day  of  March.  One  side  of  the 
knee’d  piece  is  bevelled,  so  as  it  may  rise  easily  up  again  on  the  edge 
of  the  contrate  rim,  which  moving  forward,  the  nib  keeps  on  the  same 
plane,  until  the  wheel  of  73  has  turned  so  far  on  as  the  30th  day  of 
April : a notch  at  this  time  presents  itself,  and  the  knee’d  piece  drops 
into  it;  on  being  raised  up,  it  keeps  as  before  on  the  edge  of  the  rim, 
until  the  30th  of  June,  when  another  notch  comes;  after  which  the 
knee’d  piece  will  be  on  the  rim  until  the  30th  of  September,  and 
again  from  that  to  the  30th  November.  So  that  there  is  only  five 
times  in  the  year  that  the  knee’d  piece  has  to  fall  into  the  notches, 
whose  distances  are  proportioned  according  to  the  number  of  turns 
the  screw  has  to  make  during  the  intervening  number  of  days.  Two 
wheels  of  24  hours  each  are  required,  one  for  turning  the  small  star 
wheel,  the  other  a pumping  one  for  the  month  ring.  The  double  or 
jointed  lever  would  require  a spring  to  press  it  not  only  into  the 
notches,  but  also  to  keep  it  steady  on  the  edge  of  the  contrate  rim. 
It  may  perhaps  not  be  unnecessary  to  apply  a jumper  with  a slender 
spring  to  the  star  wheel,  to  keep  it  in  its  place  during  the  time 
when  it  is  not  turning,  which  is  for  the  greater  part  of  the  24  hours. 
In  place  of  the  pumping  being  made  by  the  knee’d  piece  falling 
into  notches,  the  same  may  be  obtained  by  raised  pieces,  formed 
from  the  edge  of  the  contrate  rim,  retaining  planes  for  the  nib  to 
hold  on;  but  this  will  give  a contrary  direction  to  the  pumping, 
which  any  judicious  workman  can  adapt  to  the  plan  of  the  motion 
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lie  sets  about.  Seeing  the  motion  of  the  screw  is  so  slow,  the  execu- 
tion will  require  to  be  nicely  done,  so  as  to  make  the  shifting  at  all 
times  effectual. 

Another  way  of  shifting  a day  of  the  month  ring  right,  except  to 
February  in  leap  years,  may  be  done  without  the  intervention  of  an 
annual  wheel.  Suppose  the  month  ring  to  be  turned  by  a pin  in 
the  month  wheel  in  the  usual  way,  when  the  month  has  31  days, 
or  even  when  it  has  30  or  28  days.  But  in  order  to  make  the  ring, 
on  those  months  having  30  and  28  days,  be  turned  to  the  first  day 
of  the  succeeding  month,  the  following,  which  is  to  be  described, 
has  been  contrived.  A star  wheel  of  twelve  radii  and  3.7  inches 
in  diameter,  whose  centre  is  4.5  inches  below  that  of  the  dial,  con- 
centric with  it  is  a contrate  rim  or  hoop  2.5  inches  in  diameter, 
and  near  to  .3  of  an  inch  deep.  In  the  month  wheel  are  four  pins, 
equally  distant  from  one  another,  so  as  to  pitch  equally  and  freely 
with  the  teeth  of  the  month  ring.  The  height  of  the  first  pin  is 
about  .3  of  an  inch,  that  of  the  second  about  .2  of  an  inch,  and  the 
next  two  .1  of  an  inch,  or  a very  little  higher.  On  the  back  of  the 
month  ring  are  three  pins,  the  longest  of  which  is  near  .4  of  an  inch 
in  height,  and  placed  near  to  the  space  which  is  opposite  to  the  tooth 
for  the  28th  day;  that  is  to  say,  on  the  left  hand,  when  looking  at  the 
back  of  the  ring,  in  the  middle  between  the  28th  and  29th  tooth, 
the  other  two  pins  are  about  half  of  the  height  of  the  first,  one  of 
which  is  placed  in  the  middle  of  the  breadth  of  the  ring,  and  below 
that  space  which  is  opposite  the  30th  tooth,  the  other  is  placed 
within  a tenth  of  an  inch  to  the  outer  edge  of  the  ring,  and  under  the 
middle  of  the  space  opposite  the  31st  tooth:  one  begins,  the  other 
terminates  the  motion  of  the  star  wheel  at  all  times.  The  diameter 
of  the  month  ring  is  about  8.6  inches,  the  breadth  .7  of  an  inch,  the 
breadth  including  the  teeth  .85  of  an  inch:  These  conditions,  how- 
ever, are  not  arbitrary.  The  lower  edge  of  the  ring  is  below  the 
centre  of  the  dial  3.1  inches.  There  is  a long  arm  or  double  lever, 
whose  centre  of  motion  lies  near  to  the  fore-frame  plate,  and  between 
the  centre  of  the  month  wheel  and  that  point,  which  is  a tangent 
to  the  contrate  rim  on  the  star  wheel,  the  whole  length  being  3.6 
inches.  That  arm  which  comes  to  the  centre  of  the  month  wheel,  is 
forked  at  the  end,  and  takes  in  with  a groove  in  the  month-wheel 
socket,  and  by  a spring,  which  lies  under  it,  the  month  wheel  is  made 
to  pumptup  and  down,  requiring  to  have  a thick  month  nut,  unless 
the  pin  and  segment,  as  described  to  the  equation  clock,  were 
adopted.  The  other  arm  of  the  double  lever  has  its  end  bent  into  a 
square  hook  or  knee'd  piece,  whose  nib  rests  always  by  means  of  the 
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lever  spring,  on  the  edge  or  planes  of  the  contrate  rim,  which  is 
formed  into  steps  and  notches  with  a plain  bottom.  The  steps  are 
required  only  at  the  months  having  30  days,  and  at  February,  having 
28  days.  The  nib  of  the  lever  remains  on  the  bottom  or  plane  of 
the  notches  during  the  whole  of  the  month,  and  the  star  wheel  is 
then  stationary;  its  motion  takes  place  only  at  the  time  of  shifting 
any  of  the  twelve  radii : when  this  happens  at  the  end  of  the  months 
having  31  days,  the  nib  then  moves  along  the  plane  or  bottom  of  the 
notch.  Above  one  of  the  radii,  that  which  serves  for  the  month 
February,  a piece  of  brass  is  put,  and  prolonged  a little  beyond  it;  so 
that  when  the  month- wheel  pin  comes  to  turn  the  ring  from  the  28th 
day,  at  that  instant,  the  long  pin  on  the  ring  meets  with  this  piece  of 
brass,  and,  carrying  it  on,  makes  the  lever  nib  to  rise  up  on  one  of 
the  steps,  where  it  remains  for  a while,  and  the  month  wheel  being 
pumped  up,  all  the  four  pins  in  it  get  engaged  with  the  teeth  of  the 
month  ring,  and  turn  it  forward  to  the  first  day  of  March ; and,  just 
about,  or  a little  before  the  termination  of  the  shifting,  the  outer- 
most pin  on  the  ring  carries  one  of  the  radii  (that  in  the  line  with 
the  piece  of  brass,)  so  far  on,  as  to  make  the  nib  to  fall  or  drop  from 
off  the  step  into  the  plane  of  the  succeeding  notch,  where  it  remains 
till  the  next  shifting  of  the  star  wheel.  When  the  month  has  30 
days,  the  pin  in  the  middle  of  the  month-ring’s  breadth  is  made,  by 
means  of  the  month-wheel  pin  shifting  the  ring,  to  push  on  one  of 
the  star- wheel  radii;  and  this  having  a step  here,  the  nib  rises  up  on 
it,  and  remains  so  long  as  the  ring  is  nearly  shifted  to  the  first  day 
of  the  succeeding  month.  The  pin  on  the  outermost  place  on  the  ring 
always  terminates  the  motion  of  the  star  wheel,  and  makes  the  nib 
fall  when  it  happens  to  be  on  a step,  there  being  no  step  to  meet  it 
when  the  month  consists  of  31  days.  Not  depending  on  very  nice 
execution,  this  is  perhaps  the  simplest  and  easiest  way  of  making  a 
shifting  for  the  days  of  the  month,  requiring  no  correcting  except  in 
leap  years. 

The  following  are  other  two  Methods  for  this  purpose , which  we  used  also 

to  put  in  practice. 

In  one  of  these,  the  day  of  the  month  is  shown  by  a hand  from  the 
centre  of  the  dial,  which  makes  two  revolutions  in  365  days,  and 
points  to  two  sets  of  circles  of  divisions  near  the  outer  edge  of  the 
dial.  These  divisions  are  made  from  the  number  365  on  the  dividing 
plate,  by  taking  them  alternately,  setting  out  from  the  twelve  o’clock 
line  on  the  inner  circles  of  division,  two  365th  parts  will  be  the  first 
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of  January,  and,  continuing  so  on  to  the  last  day  of  June,  will  be 
181  days,  which  will  be  short  from  the  line  or  point  set  out  from, 
by  one  division  and  a half ; so  that  when  the  hand  starts  from  the 
30th  of  June,  to  the  first  of  July,  on  the  outer  circles  of  divisions, 
it  will  then  be  half  a division  from  the  line  set  out  from  on  beginning 
January;  the  2d  of  July  will  be  half  a division  beyond  it;  hence 
these  last  set  of  divisions  will  lie  opposite  the  middle  of  the  spaces 
of  those  divisions  gone  over  in  the  first  six  months:  by  this  means, 
the  hand  shows  always  to  what  day  it  is  pointing,  and  also  to  what 
month.  There  is  a small  space  between  the  two  sets  of  divisions; 
the  names  of  the  first  six  months  are  on  the  inside  of  their  circle  of 
divisions,  and  those  of  the  last  six  months  are  on  the  outside  of  theirs; 
the  days  are  figured  or  numbered  10,  20,  30,  or  31  and  28;  the 
intermediate  fives  are  distinguished  by  the  division  being  prolonged 
a little  outward  on  the  outer  divisions,  and  inward  on  the  inner. 
To  produce  this  motion  for  the  hand,  let  a 24  hour  wheel,  having 
a pin  in  it,  and  near  to  its  centre,  taking  into  a ratchet  or  star  wheel 
of  25,  with  a jumper  and  spring  to  press  it  on  the  ratchet-wheel 
teeth;  concentric  with  the  ratchet  wheel  is  a pinion  of  10,  leading 
a wheel  of  73,  on  whose  socket  is  the  day  of  the  month  hand,  one  of 
the  star  or  ratchet-wheel  teeth  being  turned  every  24  hours,  the 
jumper  makes  the  hand  to  start  daily  over  one  of  the  divisions  on 
the  circles. 

In  the  other  method,  the  day  of  the  month  is  shown  on  a movable 
circle,  whose  revolution  is  made  in  365  days.  This  circle  should  be 
as  large  in  diameter  as  the  square  or  circle  of  the  dial,  and  its  breadth 
fully  1.25  inch,  and  made  to  turn  on  rollers  inside,  or  on  the  back  of 
the  dial.  The  inside  edge  of  this  plate  or  ring  circle,  is  cut  into  365 
teeth,  a pinion  of  8,  on  whose  arbor  is  a star  wheel  of  eight  radii,  on 
which  a jumper  with  a smart  spring  works;  one  of  the  radii  of  the 
star  wheel,  being  turned  daily  by  the  month  wheel,  carries  the  circle 
on,  by  means  of  the  jumper  and  spring,  one  365th  part  of  its  revolu- 
tion. On  the  annual  circle  are  365  divisions  between  circles,  with 
the  names  of  the  months,  numbered  and  figured  much  in  the  same 
way  as  in  the  former  case;  a small  index,  made  from  the  opening  in 
the  dial,  points  to  the  divisions  or  days  of  the  month;  the  pinion  of 
8 has  one  of  its  pivots  run  into  the  fore-frame  plate ; the  pinion  head 
pivot  runs  in  the  dial,  so  as  to  pitch  the  pinion  with  the  teeth  inside 
of  the  circle.  The  opening  in  the  dial  may  be  one  fifth  or  sixth 
part  of  the  circumference  of  the  circle,  in  order  to  show  the  months 
coming  on  and  going  off.  If  the  plate  circle  was  made  somewhat 
broader,  the  sun’s  equation  and  declination  might  be  laid  dowm  cn  it* 
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There  is  no  occasion  to  describe  the  common  month-ring  work,  as  it 
is  well  known  to  every  clock  maker. 

Lunar  Motion  Work. 

For  a lunation  consisting  of  29  days  and  a half,  let  a twelve-hour 
wheel,  with  a pin  near  its  centre,  turn  a tooth  of  a ratchet  wheel  of 
59,  having  on  its  arbor  a hand  pointing  to  a circle  divided  into  29|- 
for  days,  in  which  time  the  hand  will  make  one  revolution,  and,  in 
the  interim,  it  shows  the  age  of  the  moon.  This,  though  not  giving 
a lunation  completely,  is  more  commonly  done  by  a large  plate  wheel 
having  118  ratchet  teeth  cut  on  its  edge,  and  placed  concentric  with 
the  circle  of  the  arch  of  a clock  dial;  at  which  centre  there  is  a stud, 
on  this  the  plate-wheel  socket  turns,  one  of  the  ratchet  teeth  being 
turned  every  twelve  hours  by  the  pin  in  the  twelve-hour  wheel.  Near 
to  the  edge  of  the  plate  wheel,  is  a circular  space  divided  into  twice 
29^  for  the  days  of  the  moon’s  age ; within  the  space  are  two  full  faces 
opposite  one  another,  representing  the  moon,  and  coinciding  nearly 
with  the  fifteenth  divisions;  a small  index  fixed  at  the  top  of  the 
arch,  pointing  to  the  circle  of  divisions,  shows  the  day  of  the  moon’s 
age. 

On  the  line  forming  the  upper  side  or  square  of  the  dial,  coinciding 
with  that  of  the  diameter  of  the  semi-circular  opening  in  the  arch  of 
the  dial,  two  semi-circular  parts  are  formed  from  and  above  the  line, 
whose  diameters  are  equal  to  the  moon  faces,  and  as  these,  by  the 
revolving  of  the  moon  plate,  gradually  emerge  from  or  get  behind 
the  semi-circular  parts,  making  the  phases  of  the  moon  to  be  shown. 
It  is  usual  to  paint  the  ground  of  the  moon  plate  a sky-blue,  with  a 
few  stars  of  a gold  or  yellow  colour  on  it. 

A lunation  of  29  days,  12  hours,  45  minutes  which  is  perhaps  near 
enough  for  common  ordinary  purposes,  may  be  given  by  a twelve-hour 
wheel,  having,  concentric  with  it,  a lantern  pinion  of  4 leading  a 
wheel  of  45,  on  the  axis  of  which  is  a pinion  of  12  leading  the  moon 
plate,  having  126  teeth  cut  on  its  edge.  The  pinion  of  12  is  keyed 
by  means  of  its  socket  spring-tight  on  the  wheel  of  45,  for  the  con- 
veniency  of  setting  occasionally  the  moon  to  the  proper  day  of  its 
age.  The  moon  plate,  with  the  opening  in  the  arch,  may  be  the  same 
as  before  described,  to  show  the  age  and  phases. 

Should  greater  accuracy,  and  a nearer  approximation  to  a mean 
lunation  be  required,  seeing  it  consists  of  29  d.  12  h.  44  m.  2 s.  8283 
dec.,  we  refer  to  pages  66,  67,  68,  69,  for  the  solution  of  a problem 
by  Camus , to  find  the  numbers  of  wheel  teeth  and  pinion  leaves  that 
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shall  give  a true  lunation.  And  to  pages  70,  71,  and  72,  for  a luna- 
tion work  by  Mudge , that  gives  the  time  of  a lunation  extremely 
near;  and  also  to  pages  56  and  57,  for  the  mode  adopted  by  Janvier 
in  his  Sphere  Meumnte , to  find  numbers  for  the  wheels  and  pinions 
so  as  to  get  a lunation  for  it,  which  by  him  is  said  to  consist  of  29  d. 
12  h.  44  m.  2 s.  52.  •§-§-§•  th,  assuming  a true  lunation  to  be  29  d.  12  h. 
44  m.  2 s.  8283,  and  turning  it  into  days  and  decimals  of  a day,  we 
have  29.5305882905,  &c.  &c. ; but  as  this  number  is  great,  and  not 
very  easily  broken  down  into  proper  factors,  let  us  take  only  as  far 
as  six  of  the  decimal  figures,  and  let  it  terminate  at  four  instead  of  8, 
which  will  give  the  lunation  a very  little  in  defect,  and  let  us  suppose 
a mover  of  24  hours,  we  shall  then  have  the  fraction  g § g g 2~  = 
•sWmi)  which  gives  the  eleven  following  quotients,  viz.  29,  1, 1,  7, 1, 
2,  14,  1,  1,  34,  and  from  them  forming  alternate  ratios  in  the  manner 
which  has  formerly  been  shown : this  done,  if  we  take  the  seventh 
ratio  2W6TT?  we  shall  obtain  two  pinions  of  19  and  37,  and  two  wheels 
of  120  and  173,  which  form  a 24  hour  mover,  will  give  a lunation  of 
29  d.  12  h.  44  m.  2 s.  38975,  which  is  only  short  of  the  true  luna- 
tion t%¥o5oV  °f  a second, — an  error  so  small,  as  it  would  require  above 
67  days  to  amount  to  a second,  and  more  than  11  years  before  it 
amounted  to  one  minute. 

On  Time , and  the  Equation  of  Time. 

A table  of  the  equation  of  time  becomes  absolutely  necessary 
for  the  practical  artist  when  regulating  his  clock,  whether  he  takes 
the  sun’s  time  from  a sun-dial,  a meridian  line,  or  from  a transit 
instrument.  Time  has  always  been  measured  and  defined  by  the 
motions  of  the  heavenly  bodies,  and  particularly  by  the  motion  of 
the  sun,  as  being  the  most  regular  in  his  apparent  revolutions. 
An  apparent  day,  however,  or  the  interval  between  two  successive 
transits  of  the  sun’s  centre  over  the  same  meridian,  is  subject  to  con- 
tinual variation,  owing  to  the  eccentricity  of  the  earth’s  orbit,  and 
obliquity  of  the  ecliptic  to  the  plane  of  the  equator.  These  variations 
are  inserted  in  a table,  which  is  called  a Table  of  the  Equation  of 
Time.  The  obliquity  of  the  ecliptic  is  the  angle  made  by  the  inter- 
section of  the  equinoctial  and  ecliptic,  or  earth’s  orbit.  At  the  begin- 
ning of  the  year  1815,  this  angle  was  23°  27'  46"  .4,  and  which  has 
been  found  to  decrease  about  half  a second  annually,  and  at  the  end 
of  the  year  1825,  it  is  23°  27'  41"  .2.  A mean  day  is  the  interval 
that  would  be  observed  between  two  successive  transits  of  the  suns 
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centre  over  the  same  meridian,  if  the  earth’s  orbit  was  circular,  and 
the  sun  always  in  the  equinoctial.  Thus,  the  intervals  betwixt  the 
transits  would  be  all  equal,  such  as  are  shown  by  an  equal  going  clock, 
that  counts  24  hours  in  a day,  and  365  days,  5 hours,  48  minutes, 
48  seconds  in  a year.  A clock  or  watch  thus  set,  is  said  to  be  adjusted 
to  mean  time. 

The  principal  divisions  of  time  are  the  year  and  the  day,  which 
are  measured  by  the  apparent  annual  and  diurnal  revolutions  of  the 
sun.  The  day  or  the  time  which  the  sun  appears  to  go  round  the 
earth  is  divided  by  clocks  and  watches  into  hours,  minutes,  and 
seconds.  The  length  of  a tropical  year,  or  the  time  the  sun  is  in 
going  from  any  point  of  the  ecliptic  to  the  same  again,  contains  365 
days,  5 hours,  48  minutes,  48  seconds.  And  the  siderial  year,  or 
the  time  which  intervenes  betwixt  the  conjunction  of  the  sun,  and 
any  fixed  star,  to  his  next  conjunction  with  the  same  star,  contains 
365  days,  6 hours,  9 minutes,  11.5  seconds.  The  difference  betwixt 
the  tropical  and  siderial  year  is  occasioned  by  what  is  called  the 
precession  of  the  equinoxes,  which  is  the  falling  back  of  the  equinoc- 
tial points  every  year  50^  seconds  of  a degree,  or  one  degree  in  72 
years;  so  that  in  about  2160  years,  these  points  change  a whole  sign 
in  the  zodiac. 

Time  is  distinguished  according  to  the  manner  of  measuring  the 
© © © 

day,  into  apparent , mean,  and  siderial.  Apparent  time,  also  called 
true  Solar  and  Astronomical  time , is  derived  from  the  observations 
of  the  sun.  Mean,  or  mean  solar  time,  also  called  equated  time , is 
a mean  or  average  of  apparent  time,  which  is  not  always  equal. 
Siderial  time  is  shown  by  the  diurnal  revolution  of  the  stars. 

Mean  time  is  deduced  from  apparent,  by  adding  or  subtracting 
the  equation,  as  directed  in  the  tables.  A siderial  day  is  the  interval 
between  two  successive  transits  of  a star  over  the  same  meridian, 
which  interval  is  always  uniform;  for  all  the  fixed  stars  make  their 
revolutions  in  equal  times,  owing  to  their  immense  distance,  and  to 
the  uniformity  of  the  earth’s  diurnal  rotation  about  its  axis.  The 
siderial  day  is  shorter  than  the  mean  solar  day , by  3 minutes,  56 
seconds  nearly.  This  difference  arises  from  the  sun’s  apparent 
annual  motion  from  west  to  east,  which  leaves  the  star  as  it  were 
behind.  Thus,  if  the  sun  and  a star  be  observed  on  any  day,  to  pass 
the  meridian  at  the  same  instant,  the  next  day,  when  the  star  returns 
to  the  meridian,  the  sun  will  have  advanced  nearly  a degree  easterly ; 
and  as  the  earth’s  diurnal  rotation  on  its  axis  is  from  west  to  east,  the 
star  will  come  to  the  meridian  before  the  sun,  and  in  the  course  of  a 
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year  the  star  will  have  gained  a day  on  the  sun;  that  is,  it  will  hav.e 
passed  the  meridian  366  times,  while  the  sun  will  have  passed  it  only 
365  times.  Now,  as  the  sun  appears  to  perform  his  revolution  of 
360°  in  a year,  or  365  days,  5 hours,  48  minutes,  48  seconds,  he 
will  describe  59'  8".3  of  the  ecliptic  in  a day,  at  a mean  rate;  and 
this  space,  reduced  to  time,  is  nearly  equal  to  3 minutes,  56  seconds, 
the  excess  of  a mean  solar  day  above  a siderial  day.  Hence  it  appears, 
that  the  earth  revolves  59'  8".3  more  than  once  round  its  axis,  or 
360°  59'  8"  .3  in  a mean  solar  day,  and  a complete  revolution,  or 
360°  in  a siderial  day;  therefore,  the  length  of  a siderial  day,  in 
mean  solar  time,  may  be  found  by  this  proportion,  as  360°  59'  8".3 

h.  h.  m.  s. 

: 360  : : 24  : 23  56  4.1,  the  length  of  a siderial  day  in  mean  solar 
time,  or  the  interval  between  two  successive  transits  of  a star  over  the 
same  meridian. 

From  the  above  proportion  results  the  following  general  rule , for 

h.  h.  m.  s. 

converting  siderial  to  mean  time,  and  vice  versa ; as  24  : 23  56  4.1  : : 
any  portion  of  siderial  time,  to  its  equivalent  in  mean  time;  and  as 

h.  m.  s. 

23  56  4.1  : 24  : : any  portion  of  mean  time  to  its  equivalent  in  sider- 
ial time.  For  some  neat  Formulae  in  this  way , see  Kelly's  Spherics , 
page  208,  Ed.  4 th. 

The  equation  of  time,  or  the  difference  between  mean  and  apparent 
time,  as  already  mentioned,  arises  from  two  causes,  namely,  the 
obliquity  of  the  ecliptic,  and  the  eccentricity  of  the  earth’s  orbit. 
The  greatest  part  of  the  equation  arises  from  the  former  of  these 
causes  and  is  found,  by  converting  the  difference  between  the  sun’s 
longitude  and  his  right  ascension,  as  set  down  in  the  Nautical  Alma- 
nack, into  time.  That  part  which  arises  from  the  latter  of  these 
causes,  is  obtained  by  converting  what  is  called  the  equation  of  the 
centre  into  time.  These  two  parts  being  added  to,  or  subtracted 
from  each  other,  according  as  they  have  like  or  unlike  signs,  from 
the  absolute  equation.  By  the  equation  of  the  centre  is  meant  the 
difference  between  the  sun’s  true  and  mean  anomaly ; these  never 
being  the  same  but  when  he  is  in  perigee  or  apogee.  See  this  sub- 
ject more  at  large  in  Lalande's  Astronomy , or  any  of  the  works  on  physi- 
cal or  practical  Astronomy. 

Mean  and  apparent  time,  or  the  time  shown  by  an  equal  going  clock 
and  a true  sun-dial,  are  never  the  same,  except  on  four  days  of  the 
year,  and  these  are  the  15th  April,  the  15th  June,  the  1st  Septem- 
ber, and  the  24th  December.  From  the  24th  December  to  the  15th 
April,  the  clock  will  be  before  the  sun;  from  the  15th  April  to  15th 
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June,  the  sun  will  be  before  the  clock;  from  the  15th  June  to  1st 
September,  the  clock  will  again  be  before  the  sun;  and  from  the  1st 
September  to  the  24th  December,  the  sun  will  again  be  before  the 
clock,  and  so  on  in  the  same  order.  See  the  following  tables;  or  the 
equation  in  the  Nautical  Almanack  with  the  daily  differences,  which  are 
for  noon  at  the  Royal  observatory  at  Greenwich.  These  differences 
are  convenient  when  using  the  equation  at  any  place  distant  from  the 
meridian  of  Greenwich.  For  example,  the  equation  being  wanted  at 
Kingston,  Jamaica,  for  the  6th  December,  1821,  which  at  Greenwich, 
for  the  noon  of  that  day,  is  8 minutes,  42.5  seconds,  and  the  daily 
difference  is  25.8  seconds;  Kingston  is  5 hours,  7 minutes,  and  2 

h.  s.  h.  m. 

seconds,  in  time  west  of  Greenwich:  Then  say  as  24  : 25.8  : : 5 7 

s.  s. 

2 : 5.5,  which  is  subtractive  from  the  equation,  as  it  is  on  the  decrease; 
this  5.5  seconds,  then  subtracted  from  8 minutes,  42.5  seconds,  the 
equation  at  Greenwich,  gives  8 minutes  37  seconds,  the  equation  at 
Kingston,  and  the  equated  time  for  that  day  there,  will  be  11  hours, 
51  minutes,  23  seconds.  From  what  has  been  done,  the  process  is 
obvious  when  the  longitude  is  east.  A good  deal  of  the  foregoing 
on  the  equation  of  time,  is  from  Carey’s  Elements  of  Astronomy,  &c. 
and  we  shall  take  the  same  liberty  with  Mylne’s  Elementary  Trea- 
tise on  Astronomy,  by  copying  from  it  the  two  following  excellent 
tables. 
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1st,  Arising  from  the  Obliquity  of  the  Ecliptic. 

Dial  Faster. 

Dial  Slower. 

Dial  Faster. 

Dial  Slower. 

m. 

s. 

m. 

s. 

m. 

s. 

m. 

s. 

Mar.  21. 

0 

00 

June  21. 

0 

00 

Sept. 

.23. 

0 

00 

Dec. 

21. 

0 

00 

25. 

1 

29 

26. 

1 

48 

28. 

1 

39 

26. 

1 

48 

30. 

3 

15 

July 

1. 

3 

32 

Oct. 

3. 

3 

15 

31. 

3 

32 

April  4. 

4 

46 

7. 

5 

08 

8. 

4 

46 

Jan. 

5. 

5 

08 

9. 

6 

09 

12. 

6 

35 

13. 

6 

09 

10. 

6 

35 

14. 

7 

22 

17. 

7 

48 

18. 

7 

22 

15. 

7 

48 

19. 

8 

23 

22. 

8 

45 

23. 

8 

23 

20. 

8 

45 

24. 

9 

09 

28. 

9 

26 

28. 

9 

09 

25. 

9 

26 

30. 

9 

40 

Aug. 

2. 

9 

49 

Nov. 

2. 

9 

40 

29. 

9 

49 

May  5. 

9 

53 

7. 

9 

53 

7. 

9 

53 

Feb. 

3. 

9 

53 

10. 

9 

49 

12. 

9 

40 

12. 

9 

49 

8. 

9 

40 

15. 

9 

26 

17. 

9 

09 

17. 

9 

26 

13. 

9 

09 

20. 

8 

45 

22. 

8 

45 

22. 

8 

45 

18. 

8 

23 

26. 

7 

48 

28. 

7 

22 

27. 

7 

48 

23. 

7 

22 

31. 

6 

35 

Sept. 

2. 

6 

09 

Dec. 

2. 

6 

35 

28. 

6 

09 

June  5. 

5 

08 

7. 

4 

46 

7. 

5 

08 

Mar. 

5. 

4 

46 

10. 

3 

32 

12. 

3 

15 

12. 

3 

32 

10. 

3 

15 

16. 

1 

48 

17. 

1 

39 

17. 

1 

48 

15. 

1 

39 

20. 

0 

00 

2 d,  Arising  from  the  inequality  of  the  Sun’s  Motion. 


Dial  faster  than  Clock. 


Dial  slower  than  Clock. 


m. 

s. 

m. 

s. 

m. 

s. 

m. 

s. 

July 

1. 

0 

00 

Oct. 

3. 

7 

43 

Dec. 

31. 

0 

00 

Mar. 

30. 

7 

43 

7. 

0 

40 

8. 

7 

42 

Jan. 

5. 

0 

41 

April  4. 

7 

40 

12. 

1 

19 

13. 

7 

37 

10. 

1 

22 

9. 

7 

34 

17. 

1 

57 

18. 

7 

29 

15. 

2 

02 

14. 

7 

24 

22. 

2 

35 

23. 

7 

18 

20. 

2 

41 

19. 

7 

12 

28. 

3 

12 

28. 

7 

03 

25. 

3 

19 

24. 

6 

56 

Aug. 

2. 

3 

47 

Nov. 

2. 

6 

45 

29. 

3 

56 

30. 

6 

36 

7. 

4 

21 

7. 

6 

24 

Feb. 

3. 

4 

30 

May 

5. 

6 

14 

12. 

4 

52 

12. 

5 

39 

8. 

5 

02 

10. 

5 

50 

17. 

5 

22 

17. 

5 

32 

13. 

5 

32 

15. 

5 

22 

22. 

5 

50 

22. 

5 

02 

18. 

5 

39 

20. 

4 

52 

28. 

6 

14 

27. 

4 

30 

23. 

6 

24 

26. 

4 

21 

Sept. 

2. 

6 

36 

Dec. 

2. 

3 

56 

28. 

6 

45 

31. 

3 

47 

7. 

6 

56 

7. 

3 

19 

Mar. 

5. 

7 

03 

June 

5. 

3 

12 

12. 

7 

12 

12. 

2 

41 

10. 

7 

18 

10. 

2 

35 

17. 

7 

24 

17. 

2 

02 

15. 

7 

29 

16. 

1 

57 

23. 

7 

34 

21. 

1 

22 

20. 

7 

37 

21. 

1 

19 

28. 

7 

40 

26. 

0 

41 

25. 

7 

42 

26. 

0 

40 
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By  comparing  the  two  tables,  it  will  appear  that  the  difference 
between  the  clock  and  the  dial  is  produced  sometimes  by  one  of  the 
causes  above  mentioned  only,  but  more  commonly  by  both;  that  the 
effect  of  the  one  is  often  counterbalanced  by  the  other;  and  that  the 
action  of  both  causes  is  sometimes  combined.  For  example,  the 
equation  of  time  from  the  first  cause,  viz.  the  obliquity  of  the  ecliptic, 
is  on  the  21st  March,  0 minutes  0 seconds  ; but  from  the  second 
cause,  viz.  the  unequal  motion  of  the  sun,  is  7 minutes  37  seconds. 
On  the  5th  May,  the  dial,  by  the  first  cause,  is  faster  than  the  clock 
9 minutes  53  seconds,  and  slower  by  the  second  cause,  6 minutes  14 
seconds  ; therefore  the  difference  between  them  is  the  true  equation, 
viz.  3 minutes  39  seconds.  On  the  second  of  November,  the  dial  from 
the  first  cause  is  9 minutes  40  seconds  faster  than  the  clock,  and  by 
the  second  cause,  6 minutes  45  seconds  also  faster;  consequently  the 
sums,  when  added,  will  give  the  true  equation,  viz.  16  minutes  25 
seconds.  By  combining  in  this  way  the  two  parts  of  the  equation, 
subtracting  them  when  the  dial  is  slower  from  the  one  cause,  and  faster 
from  the  other,  and  adding  them  when  the  dial  is  faster  or  slower  from 
both  causes,  the  true  equation  may  be  found  for  any  day  in  the  year, 
and  in  the  foregoing  tables  for  every  fifth  day  of  the  year.  But  in 
order  to  save  the  time  of  the  practical  artist,  we  shall  subjoin  an 
extended  equation  table  for  every  day  in  the  year,  calculated  for  the 
second  year  after  leap  year. 

The  following  Tables  give  the  time  that  a well-regulated  clock  or 
watch  should  be  at,  for  every  day  of  the  year,  when  the  sun’s  centre 
is  on  the  meridian ; and  in  place  of  a common  equation  Table,  these 
give  what  may  be  called  Equated  Time,  and  will  serve  for  ordinary 
purposes,  through  the  greater  part  of  the  nineteenth  century.  Those 
who  take  in  the  Nautical  Almanack  will  have  no  need  of  them. 
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JANUARY. 

FEBRUARY. 

MARCH. 

APRIL. 

Days. 

H. 

M 

s. 

H. 

M. 

s. 

H. 

M. 

s. 

H. 

. M. 

, s. 

1 

0 

3 

49.3 

0 

13 

57.3 

0 

12 

43.3 

0 

4 

4.9 

2 

0 

4 

17.6 

0 

14 

5.1 

0 

12 

31.1 

0 

3 

16.7 

3 

0 

4 

45.7 

0 

14 

12.0 

0 

12 

18.6 

0 

3 

28.6 

4 

0 

5 

13.5 

0 

14 

18.1 

0 

12 

5.7 

0 

3 

10.6 

5 

0 

5 

40.9 

0 

14 

23.5 

0 

11 

52.3 

0 

2 

52.8 

6 

0 

6 

7.7 

0 

14 

28.0 

0 

11 

38.4 

0 

2 

35.2 

7 

0 

6 

34.1 

0 

14 

31.7 

0 

11 

24.1 

0 

2 

17.8 

8 

0 

7 

0.0 

0 

14 

34.6 

0 

11 

9.3 

0 

2 

0.6 

9 

0 

7 

25.4 

0 

14 

36.5 

0 

10 

54.2 

0 

1 

43.6 

10 

0 

7 

50.1 

0 

14 

37.7 

0 

10 

38.7 

0 

1 

26.8 

11 

0 

8 

14.3 

0 

14 

38.1 

0 

10 

22.8 

0 

1 

10.3 

12 

0 

8 

37.9 

0 

14 

37.9 

0 

10 

6.6 

0 

0 

54.1 

13 

0 

9 

0.9 

0 

14 

36.8 

0 

9 

50.1 

0 

0 

38.1 

14 

0 

9 

23.3 

0 

14 

34.9 

0 

9 

33.3 

0 

0 

22.4 

15 

0 

9 

44.9 

0 

14 

32.1 

0 

9 

16.3 

0 

0 

7.1 

16 

0 

10 

5.8 

0 

14 

28.7 

0 

8 

50.9 

11 

59 

52.1 

17 

0 

10 

26.0 

0 

14 

24.4 

0 

8 

41.3 

11 

59 

37.4 

18 

0 

10 

45.5 

0 

14 

19.6 

0 

8 

23.5 

11 

59 

23.0 

19 

0 

11 

4.3 

0 

14 

14.1 

0 

8 

5.5 

11 

59 

9.1 

20 

0 

11 

22.4 

0 

14 

7.8 

0 

7 

47.3 

11 

58 

55.6 

21 

0 

11 

39.7 

0 

14 

0.7 

0 

7 

29.0 

11 

58 

42.5 

22 

0 

11 

56.2 

0 

13 

53.1 

0 

7 

10.6 

n 

58 

29.8 

23 

0 

12 

11.9 

0 

13 

44.9 

0 

6 

52.1 

n 

58 

17.5 

24 

0 

12 

26.7 

0 

13 

36.0 

0 

6 

33.5 

ii 

58 

5.7 

25 

0 

12 

60.7 

0 

13 

26.7 

0 

6 

14.8 

li 

57 

54.4 

26 

0 

12 

54.0 

0 

13 

16.1 

0 

5 

56.1 

n 

57 

43.7 

27 

0 

13 

6.5 

0 

13 

6.2 

0 

5 

37.4 

ii 

57 

33.6 

28 

0 

13 

18.3 

0 

12 

55.0 

0 

5 

18.7 

n 

57 

24.0 

29 

0 

13 

29.3 

0 

5 

0.1 

n 

57 

14.6 

30 

0 

13 

39.4 

0 

4 

41.6 

ii 

57 

5.8 

31 

0 

13 

48.8 

0 

4 

23.2 
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MAY. 

JUNE. 

JULY. 

AUGUST. 

Days. 

H. 

M. 

s. 

H. 

M. 

s. 

H. 

M 

. s. 

II 

M. 

s. 

1 

11 

56 

57.7 

11 

57 

19.9 

0 

3 

16.5 

0 

5 

58.7 

2 

11 

56 

50.2 

11 

57 

28.9 

0 

3 

28.2 

0 

5 

55.3 

3 

11 

56 

43.2 

11 

57 

38.3 

0 

3 

39.7 

0 

5 

51.3 

4 

11 

56 

36.7 

11 

57 

48.1 

0 

3 

50.9 

0 

5 

46.7 

5 

11 

56 

30.7 

11 

57 

58.2 

0 

4 

1.8 

0 

5 

41.5 

6 

11 

56 

25.4 

11 

58 

8.6 

0 

4 

12.3 

0 

5 

35.7 

7 

11 

56 

20.6 

11 

58 

19.4 

0 

4 

22.5 

0 

5 

29.3 

8 

11 

56 

16.5 

11 

58 

30.5 

0 

4 

32.3 

0 

5 

22.3 

9 

11 

56 

12.8 

11 

58 

42.0 

0 

4 

41.7 

0 

5 

14.7 

10 

11 

56 

9.7 

11 

58 

53.6 

0 

4 

50.7 

0 

5 

6.4 

11 

11 

56 

7.2 

11 

59 

5.5 

0 

4 

59.2 

0 

4 

57.5 

12 

11 

56 

5.2 

11 

59 

17.5 

0 

5 

7.2 

0 

4 

48.1 

13 

11 

56 

3.9 

11 

59 

29.7 

0 

5 

14.8 

0 

4 

38.1 

14 

11 

56 

2.9 

11 

59 

42.0 

0 

5 

22.0 

0 

4 

27.5 

15 

11 

56 

2.8 

11 

59 

54.4 

0 

5 

28.6 

0 

4 

6.4 

16 

11 

56 

2.9 

0 

0 

7.0 

0 

5 

34.6 

0 

4 

4.8 

17 

11 

56 

3.8 

0 

0 

19.7 

0 

5 

40.1 

0 

3 

52.6 

18 

11 

56 

5.1 

0 

0 

32.4 

0 

5 

45.2 

0 

3 

39.9 

19 

11 

56 

7.0 

0 

0 

45.2 

0 

5 

49.8 

0 

3 

26.8 

20 

11 

56 

9.4 

0 

0 

58.0 

0 

5 

53.8 

0 

3 

13.1 

21 

11 

56 

12.4 

0 

1 

10.9 

0 

5 

57.3 

0 

2 

59.0 

22 

11 

56 

16.0 

0 

1 

23.8 

0 

6 

0.2 

0 

2 

44.5 

23 

11 

56 

20.0 

0 

1 

36.6 

0 

6 

2.6 

0 

2 

29.5 

24 

11 

56 

24.6 

0 

1 

49.4 

0 

6 

4.5 

0 

2 

14.0 

25 

11 

56 

29.8 

0 

2 

2.2 

0 

6 

5.8 

0 

1 

58.2 

26 

11 

56 

35.5 

0 

2 

15.0 

0 

6 

6.5 

0 

1 

42.0 

27 

11 

56 

41.7 

0 

2 

27.7 

0 

6 

6.6 

0 

1 

25.4 

28 

11 

56 

48.2 

0 

2 

40.2 

0 

6 

6.2 

0 

1 

8.5 

29 

11 

56 

55.5 

0 

2 

52.5 

0 

6 

5.2 

0 

0 

51.2 

30 

11 

57 

3.2 

0 

3 

4.6 

0 

6 

3.6 

0 

0 

33.4 

31 

11 

57 

11.3 

0 

6 

1.5 

0 

0 

15.3 
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r 

SEPTEMBER. 

OCTOBER. 

NOVEMBER. 

DECEMBER. 

Days. 

H. 

M. 

s. 

H. 

M. 

s. 

H 

M. 

s. 

H, 

. M 

. S. 

1 

11 

59 

57.1 

11 

49 

47.4 

11 

43 

45.1 

11 

49 

10.3 

2 

11 

59 

38.6 

11 

49 

28.5 

11 

43 

44.1 

11 

49 

33.2 

3 

11 

59 

19.7 

11 

49 

9.9 

11 

43 

43.8 

11 

49 

56.7 

4 

11 

59 

0.5 

11 

48 

51.6 

11 

43 

44.3 

11 

50 

20.8 

5 

11 

58 

41.0 

11 

48 

33.7 

11 

43 

45.6 

11 

50 

45.5 

6 

11 

58 

21.3 

11 

48 

16.0 

11 

43 

47.7 

11 

51 

10.6 

7 

11 

58 

1.4 

11 

47 

58.7 

11 

43 

50.6 

11 

51 

36.2 

8 

11 

57 

41.3 

11 

47 

41.9 

11 

43 

54.3 

11 

52 

2.4 

9 

11 

57 

20.9 

11 

47 

25.5 

11 

43 

58.9 

11 

52 

29.1 

10 

11 

57 

0.3 

11 

47 

9.4 

11 

44 

4.4 

11 

52 

56.2 

11 

11 

56 

39.6 

11 

46 

53.8 

11 

44 

10.7 

11 

53 

23.6 

12 

11 

56 

18.7 

11 

46 

38.6 

11 

44 

17.8 

11 

53 

51.4 

13 

11 

55 

57.8 

11 

46 

23.9 

n 

44 

25.7 

11 

54 

19.6 

14 

11 

55 

36.8 

11 

46 

9.7 

li 

44 

34.5 

11 

54 

48.1 

15 

11 

55 

15.7 

11 

45 

56.2 

li 

44 

44.1 

11 

55 

17.0 

16 

11 

54 

54.5 

11 

45 

43.2 

ii 

44 

54.6 

11 

55 

46.1 

17 

11 

54 

33.3 

11 

45 

30.7 

n 

45 

6.0 

11 

56 

15.4 

18 

11 

54 

12.2 

11 

45 

18.8 

n 

45 

18.2 

11 

56 

44.9 

19 

11 

53 

51.1 

11 

45 

7.5 

n 

45 

31.3 

11 

57 

14.7 

20 

11 

53 

30.0 

11 

44 

56.9 

n 

45 

45.2 

11 

57 

44.7 

21 

11 

53 

9.0 

11 

44 

47.0 

n 

45 

59.9 

11 

58 

14.7 

22 

11 

52 

48.1 

11 

44 

37.7 

ii 

46 

15.5 

11 

58 

44.8 

23 

11 

52 

27.3 

11 

44 

29.2 

n 

46 

31.9 

11 

59 

14.9 

24 

11 

52 

6.7 

11 

44 

21.4 

n 

46 

49.1 

11 

59 

.45.0 

25 

11 

51 

46.2 

11 

44 

14.3 

n 

47 

7.1 

0 

0 

15.1 

26 

11 

51 

25.8 

11 

44 

7.8 

ii 

47 

25.8 

0 

0 

45.2 

27 

11 

51 

5.6 

11 

44 

2.0 

n 

47 

45.2 

0 

1 

15.1 

28 

11 

50 

45.7 

11 

43 

57.0 

ii 

48 

5.4 

0 

1 

44.8 

29 

11 

50 

26.0 

11 

43 

52.8 

n 

48 

26.3 

0 

2 

14.3 

30 

11 

50 

6.6 

1] 

43 

49.4 

ii 

48 

48.0 

0 

2 

43.7 

31 

! 

11 

43 

46.8 

0 

f) 
t ) 

13.0 

x 


I 
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A TABLE 

Of  the  Acceleration  of  the  fixed  Stars,  for  32  Days. 


Days. 

H. 

M. 

s. 

Days. 

H. 

M. 

s. 

1 

0 

3 

55.9 

17 

1 

6 

50.3 

2 

0 

7 

51.8 

18 

1 

10 

46.2 

o 

o 

0 

11 

47.7 

19 

1 

14 

42.1 

4 

0 

15 

43.6 

20 

1 

18 

38.0 

5 

0 

19 

39.5 

21 

1 

22 

33.9 

6 

0 

23 

35.4 

22 

1 

26 

29.8 

7 

0 

27 

31.3 

23 

1 

30 

25.7 

8 

0 

31 

27.2 

24 

1 

34 

21.6 

9 

0 

35 

23.1 

25 

1 

38 

17.5 

10 

0 

39 

19.0 

26 

1 

42 

13.4 

11 

0 

43 

14.9 

27 

1 

46 

9.3 

12 

0 

47 

10.8 

28 

1 

50 

5.2 

13 

0 

51 

6.7 

29 

1 

54 

1.1 

14 

0 

55 

2.6 

30 

1 

57 

57.0 

15 

0 

58 

58.5 

31 

2 

1 

53.9 

16 

1 

2 

54.4 

32 

2 

5 

48.8 

The  stars  will  accelerate  3 minutes,  55.9  seconds,  every  24  hours, 
on  a clock  keeping  mean  solar  time ; if  a clock  is  made  to  keep  siderial 
time,  it  will  give  the  time  marked  in  the  Tables,  according  to  the 
number  of  days.  The  sun’s  right  ascension,  as  given  in  the  Nautical 
Almanack,  is  the  siderial  time  when  the  sun’s  centre  is  on  the 
meridian.  For  example,  on  the  21st  of  March,  1825,  a clock  keeping 
siderial  time  should  be  set  0 hours,  2 minutes,  13.6  seconds,  at  the 
instant  of  the  sun’s  centre  being  on  the  meridian. 

Having  mentioned  to  our  ingenious  friend,  Mr  Scott,  that  he 
might  take  time,  (though  not  very  nicely)  by  fixing  in  any  window 
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shutter  having  a south  exposure,  a piece  of  brass  with  a small  hole 
in  it,  to  allow  the  sun’s  rays  to  come  in  to  a dark  room  against  a 
plummet  line  whose  shadow  would  be  seen  on  the  opposite  side  of  the 
room ; by  perseverance,  he  brought  it  by  degrees  to  a very  great 
nicety.  We  have  known  him  take  a transit  of  the  sun  by  it  to  half 
a second — that  is  to  say,  there  was  only  half  a second  of  difference 
between  the  time  taken  by  the  sun’s  semi-diameter,  in  passing  from 
the  first  limb  to  the  sun’s  centre,  and  from  the  centre  to  the  last 
limb.  This  must  be  allowed  to  be  a great  degree  of  precision.  It  is 
well  known,  that  by  any  common  meridian  line,  or  sun-dial,  that  time 
cannot  be  taken  nearer  than  to  8 or  10  seconds,  if  even  so  near.  W e 
shall  give  in  his  own  words  how  the  apparatus  for  this  purpose  is 
constructed. 

Directions  for  fitting  up  a Substitute  for  a Transit  Instrument. 

“ Having  obtained,  by  some  of  the  means  usually  resorted  to  a 
correct  meridian  line;  for  which  purpose  there  should  be  fixed  in  a 
temporary  yet  steady  manner,  and  perfectly  level,  a piece  of  very  flat 
and  even  deal-board  about  three  feet  long,  in  the  window  recess,  and 
as  near  as  may  be  in  the  line  of  that  part  of  it  where  the  instrument 
is  intended  to  be  erected:  on  this  let  the  meridian  line  be  carefully 
laid  down. 

“ The  next  thing  to  provide  is  a piece  of  good  steel  wire,  about  3.5 
inches  long  and  .25  of  an  inch  in  diameter;  one  end  of  which  should 
be  forged  either  into  a square  adapted  to  a key,  or  else  into  a flat 
plate,  that  it  may  be  turned  by  the  finger  and  thumb.  A very  fine 
and  equal  screw  is  then  to  be  formed  upon  the  wire,  after  which,  let 
it  be  put  into  a lathe,  and  about  A of  an  inch  of  its  point  (or  other 
end,)  turned  down  into  a cylinder,  about  .2  of  an  inch  in  diameter;  in 
the  middle  length  of  which  let  there  be  hollowed  out  a small  groove 
about  .02  of  an  inch  in  diameter,  and  about  the  same  depth;  this 
groove  should  be  very  well  cleaned  out  and  polished,  as  on  it  the  plum- 
met after  described  is  hung. 

“ The  next  thing  to  procure,  is  a stout  brass  stud  with  a sole,  either 
firmly  rivetted  on  or  cast  in  the  solid;  this  stud  should  be  at  least  1.5 
inch  high  above  the  sole,  and  .75  of  an  inchin  breadth  and  thickness; 
it  is  then  to  be  drilled  at  an  equal  distance  from  the  top  and  sides, 
and  carefully  tapped  so  as  accurately  to  fit  the  screw  on  the  steel- 
wire:  four  holes  for  screw  nails  being  now  made  in  the  sole,  and  the 
steel-wire  screwed  into  the  stud,  the  whole  should  be  firmly  fixed  up 
in  the  suffit  of  the  window,  pretty  near  the  sash,  in  such  a manner, 
that  the  steal-wire  screw  may  lie  quite  horizontally,  and  in  a due  east 
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and  west  direction  ; and  when  equal  portions  of  the  screw  are  seen  on 
each  side  of  the  stud,  the  plummet  shall,  after  being  hung  on  the 
groove,  be  perfectly  co-incident  with  the  meridian  line  drawn  on  the 
board. 

“ The  plummet  is  thus  formed. — Select  as  many  of  the  smallest  and 
blackest,  yet  stout  horse  hairs,  as  will  be  sufficient  fully  to  reach  from 
the  top  to  the  sole  of  the  window,  and  having  joined  these  together, 
by  what  are  termed  fisher’s  knots,  (whereby  the  small  ends  may  be 
closely  cut  off,  without  the  risk  of  any  of  the  knots  slipping),  form 
upon  one  end  a loop,  which  is  to  pass  over  the  groove  on  the  cylindri- 
cal part  of  the  screw:  on  the  other  end  a double  or  triple  knot  is  to  be 
cast : a short  conical  leaden  plummet  of  two  or  three  ounces  weight  is 
then  to  be  bored  down  through  its  apex,  .25  of  an  inch  deep,  by  means 
of  a fine  heckle  tooth,  or  some  other  small  pointed  instrument;  the 
knotted  end  of  the  hair  is  then  to  be  inserted,  and  the  orifice  of  the 
hole  gently  beat  round,  so  as  closely  to  embrace  the  hair,  taking  care 
that  it  shall  not  be  chafed  or  injured,  lest  it  should  be  unable  to  support 
the  weight  of  the  plummet ; this  is  perhaps  the  neatest  way  of  doing 
it,  but  it  requires  address  and  management. 

“ Another  way,  however,  is  to  take  a common  pin,  and  after  cutting 
off  its  point,  turn  it  up  into  a hook  a little  bent  backwards,  that  the 
centre  of  the  hook  may  be  in  a line  with  the  straight  shank,  and 
inserting  the  head  and  part  of  the  shank  into  the  hole  in  the  plummet, 
close  the  lead  round  in  the  same  manner  as  directed  for  the  hair,  and 
hang  it  by  a loop  similar  to  that  made  on  the  other  end  of  the  line. 
The  plummet  should  be  immersed  in  a small  jar  of  water  to  promote 
its  steadiness. 

“ A piece  of  well-seasoned  wood,  about  five  inches  broad,  three 
inches  thick,  and  sufficiently  long  to  reach  from  the  floor  to  (within 
the  thickness  of  a board  placed  on  its  top,  for  the  double  purpose  of 
fixture,  and  preventing  injury  to)  the  ceiling,  is  now  to  be  prepared; 
one  edge  and  side  of  which  should  be  planed  quite  straight  and 
smooth,  for  the  purpose  of  facilitating  its  being  placed  perfectly  per- 
pendicular : Take  then  three  slips  of  hard  wood,  two  of  them  about 
five  feet  long,  so  shaped,  that  when  fixed  to  the  post,  they  shall 
form  a hollow  dovetail  groove;  to  receive  the  third,  which  should 
be  about  18  or  20  inches  long,  and  at  least  one  inch  broad  on  the 
upper  or  narrow  surface,  the  lower  surface  and  sides  fitting 
spring-tight  into  the  groove  formed  by  the  other  two  pieces,  which 
are  to  be  planted  on  the  north  side  of  the  upright  post,  or  that  next 
to  the  observer,  close  to  the  straight  planed  edge,  and  reaching 
within  a few  inches  of  the  floor.  That  this  sliding  piece  may  move 
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easily,  although  tightly  fitted  to  the  groove,  it  should  be  well  rub- 
bed over  with  black  lead:  and  it  would  not  be  amiss  that  it  were 
made  fully  thicker  than  the  pieces  which  form  the  groove,  in  order 
that  its  upper  surface  may  be  rather  above  the  plane  of  the  other 
two. 

“The  use  of  this  sliding  piece,  (to  which  the  sight  or  eye-piece  is 
attached,)  is,  by  being  pushed  down  its  groove,  the  sun  may  be  seen 
through  the  eye  piece,  even  at  his  greatest  north  declination ; it  more- 
over serves  when  any  of  the  knots  on  the  hair  plummet  should  by 
accident  intervene  between  the  observer’s  eye  and  the  sun’s  disc,  to 
bring  a straight  part  of  the  hair  opposite  to  the  sun  by  sliding  it  up 
or  down  little  more  than  a quarter  of  an  inch. 

“ The  eye-piece  is  formed  as  follows : — A circular  plate  of  brass, 
about  two  inches  diameter,  and  .08  of  an  inch  in  thickness,  terminates 
on  one  side  in  a sort  of  pillar  about  one  inch  long,  all  neatly  dressed 
up  and  smoothed;  in  the  centre  of  the  plate  is  drilled  a small  hole,  not 
exceeding  .016  or  .018  of  an  inch  in  diameter,  and  the  burr  well 
cleaned  away;  on  that  side  of  the  plate  destined  to  be  farthest  from 
the  observer,  the  small  hole  is  to  be  deeply  and  widely  counter-sunk, 
yet  leaving  a small  part  of  the  original  bore  quite  entire ; two  pretty 
thick  slips  of  brass,  undercut  so  as  to  form  a dovetail,  are  then  to  be 
pinned  or  otherwise  fixed  on  the  counter-sunk  side  of  the  plate,  at 
right  angles  to  the  line  of  the  pillar,  and  so  far  separate  on  each 
side  of  the  centre  hole,  as  will  be  sufficient  to  admit  a dovetail  brass 
frame,  hereafter  to  be  described.  At  the  other  extremity  of  the  pil- 
lar is  formed  a stout  pivot,  fitting  into  a socket ; the  pivot  has  a groove 
turned  upon  it,  in  which  the  end  of  a screw  passing  through  the 
socket  works,  keeping  it  in  its  place,  only  admitting  the  eye-piece 
to  turn  on  its  axis,  so  as  it  may  be  made  directly  to  face  the  sun  what- 
ever be  his  altitude. 

“This  socket  constitutes  a part  of  the  remainder  of  the  eye-piece 
whereby  it  is  attached  to  the  wooden  slider ; on  the  front  or  outside  of 
the  socket  is  prolonged  or  continued  a pretty  stout  brass  plate,  either 
soldered  on  or  cast  in  the  solid,  and  this  carries  a hollow  cylinder,  which 
is  made  to  turn,  (and  secured  from  coming  off  by  a screw,  nut,  and 
washers,)  on  a strong  pin  or  stud  fixed  by  means  of  a sole  to  the  slid- 
ing wood;  this  last  part  serves  to  turn  up  the  eye-piece  to  be  out  of 
the  way  when  not  in  use ; and  when  let  down  for  the  purpose  of  mak- 
ing an  observation,  the  bottom  of  the  socket  rests  on  the  edge  of  the 
upright  post,  and  keeps  the  pillar  of  the  eye-piece  always  in  a hori- 
zontal position. 
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“ With  regard  to  the  brass  frame,  it  should  be  in  length  about  the 
diameter  of  the  circular  brass  plate  of  the  eye-piece,  besides  a pro- 
longation formed  to  serve  as  a handle  to  push  it  up  and  down  in  the 
groove;  its  broader  or  under  surface  should  be  in  width  about  *6  of 
an  inch,  and,  consequently,  the  upper  surface  as  much  narrower  as 
the  sloped  sides  of  the  two  pinned  on  dovetailed  pieces,  will  natu- 
rally require  it  to  be;  in  this  upper  surface  'is  formed  a hollow  or 
recess,  nearly  the  length  and  breadth  of  the  frame,  and  of  sufficient 
depth,  having  only  a narrow  rim  below  to  receive  and  support  a slip 
of  the  finest  thin  and  equal  crown  glass  of  like  size,  and  above  it  a 
spring-wire  to  keep  it  in  its  place,  similar  to  the  wires  used  for  the 
ivory  slips  of  microscopes,  only  a good  deal  stronger. 

“ This  slip  of  glass  is  to  be  smoked  by  a lamp  or  candle,  so  that  there 
shall  be  a gradual  diminution  of  shade  from  one  end  to  the  other, 
commencing  in  the  deepest,  and  ending  in  the  slightest  tinge  ; by 
these  means,  the  sun  may  be  viewed  in  all  stages  of  his  brilliancy, 
from  that  of  his  utmost  splendour,  to  his  being  barely  visible  through 
thin  clouds.  And  herein  is  a srreat  advantage  over  using  Claude  Lor- 
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raine  glasses,  as  in  an  instant  all  the  intermediate  shades  between  the 
lightest  and  very  deepest  may  be  obtained. 

“ All  things  being  now  prepared,  the  wooden  post  is  to  be  set  up  at 
the  distance  of  about  4 feet  north  of  the  plummet,  observing  that  the 
smoothed  side,  bearing  the  dovetailed  groove  and  eye-piece,  is  to  be 
placed  as  before  directed,  and  the  straight  edge  brought  just  so  near 
to  the  meridian  line,  that  when  the  eye -piece  is  folded  down,  it,  the 
meridian  line,  and  the  hair  plummet,  shall  be  exactly  in  one  plane. 

“ As  to  the  mode  of  fixing  the  upright  post,  after  being  carefully 
set  quite  perpendicular  and  exactly  in  its  proper  place,  the  best  way, 
is,  by  means  of  square-knee’d  pieces  of  iron,  screwed  at  top  and  bot- 
tom to  the  straight  edge,  the  floor  and  ceiling,  as  well  as  on  each 
side  close  to  the  straight  edge,  without  otherwise  attempting  to  con- 
fine the  rest  or  remainder  of  the  sides,  or  even  the  remote  edge, 
except  by  fillets  nailed  to  the  floor  and  ceiling;  that,  should  any  cling 
or  contraction  take  place  in  the  upright  post,  the  straight  edge  shall 
at  all  times  maintain  its  perfect  perpendicularity  and  first  position. 

“ It  may  be  necessary  to  observe,  that  in  order  to  verify  the  true 
meridian  position  of  the  plummet  and  eye-piece,  it  would  be  as  well  to 
compare  the  result  of  several  trials  of  it,  with  the  time  given  by  a 
good  regulator  or  astronomical  clock,  allowing  of  course  for  the  equa- 
tion, and  after  being  perfectly  satisfied  of  its  having  been  brought,  by 
means  of  the  adjusting  screw  which  moves  the  plummet,  precisely  into 
the  proper  line,  then  remove  the  board  on  which  the  meridian  was 
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laid  down,  and  endeavour  to  find  some  fixed  mark  or  object  at  the 
distance  of  30  or  40  yards,  with  which  the  hole  in  the  eye-piece  and 
the  hair  coincide ; and  this  will,  at  all  future  times,  serve  as  a mean 
of  re-adjusting  the  instrument. 

“ With  such  an  apparatus  as  above  described,  after  a very  little 
practice,  the  sun’s  meridian  passage  may  easily  be  taken  to  at  least 
within  2 seconds  ; and  if  the  observer  has  much  turn  for  accuracy,  it 
may  generally  be  done  within  even  less  than  one.  It  is  not,  however, 
so  wrell  adapted  for  taking  the  meridian  passage  of  the  fixed  stars 
for  besides  the  difficulty  of  throwing  a sufficient  light  upon  the  hair, 
to  cause  it  to  be  distinctly  seen  at  night,  the  small  hole  in  the  eye- 
piece transmits  so  few  rays  from  a star,  even  of  the  first  magnitude, 
that  it  seems  to  dwindle  into  the  obscurity  of  one  of  the  sixth  or 
seventh.  But  for  observations  of  the  sun,  the  smaller  the  hole,  and 
the  greater  the  distance  between  it  and  the  hair  plummet,  so  much 
more  accuracy  will  be  obtained  in  the  observations.  Nevertheless, 
should  the  hole  be  found  inconveniently  small,  it  can  easily  be  a little 
widened  by  a small  broach. 

“ Note. — In  placing  the  smoked  glass  in  the  frame,  the  obscured 
side  should  be  placed  under,  resting  on  the  narrow  rim,  so  that  when 
the  frame  is  put  into  the  dovetail  groove,  there  may  be  no  risk  of 
the  coat  of  smoke  being  injured  or  rubbed  off*.  J.  S. 

“ Edinburgh , November , 1825.” 


CHAPTER  XVI. 

On  Repeating  Clocks  and  Watches. 

To  those  who  do  not  sleep  well,  nothing  can  be  more  convenient 
and  useful  than  a repeater,  whether  it  is  in  a watch,  or  in  a small  fixed 
clock.  A history  of  this  invention  is  given  by  Mr  Derham,  in  his 
Artificial  Clockmaker.  Berthoud,  in  his  Histoire , has  given  the 
following  account  of  it,  which  is  taken  chiefly  from  Derham: 

“The  art  of  measuring  time,”  says  Berthoud,  “was  again  enriched 
with  two  fine  and  useful  inventions,  before  the  end  of  the  seventeenth 
century.  One  was  the  equation  clock;  the  other,  which  is  the  most 
precious,  and  of  the  most  general  utility,  is  that  kind  of  striking 
which  has  been  called  repeating.  It  is  of  the  most  ingenious  media- 


328 


REPEATING  CLOCKS  AND  WATCHES. 


nism,  and,  when  added  to  a clock,  serves  to  make  known  at  plea- 
sure, at  every  instant  of  the  day  or  night,  without  seeing  the  dial,  the 
hour,  and  parts  of  the  hour,  which  are  pointed  out  by  the  hands  of 
the  clock.  Both  these  inventions  are  due  to  the  English  artists.” 

“ The  clocks  in  question  here,’’  says  Derham,  44  are  those  which, 
by  means  of  a cord,  when  pulled,  strike  the  hours,  the  quarters,  and 
even  some  the  minutes,  at  all  times  of  the  day  and  of  the  night.  This 
striking,  or  repeating,  was  invented  by  a Mr  Barlow,  towards  the  end 
of  the  reign  of  king  Charles  II.  in  1676.” 

It  is  not  mentioned  by  Derham  whether  Barlow  was  a watchmaker 
or  not.  We  have  heard  it  said  by  old  watchmakers,  that  he  was  a 
clergyman.  This  seems  in  some  measure  confirmed,  by  his  having 
applied  to  Tompion  to  make  his  repeating  watch,  when  he  was  about 
to  obtain  a patent  for  the  invention. 

44  This  ingenious  invention,”  continues  Berthoud,  44  which  had  not 
, been  before  thought  of,  made  at  the  outset  a great  noise,  and  much 
engaged  the  attention  of  the  London  watchmakers.  On  the  idea 
alone  which  each  formed  of  it,  they  all  set  to  work  to  try  the  same 
thing,  but  by  very  different  ways ; whence  has  arisen  that  great 
variety  in  the  work  of  repeating  motions,  which  was  seen  at  this  time 
in  London. 

44  This  discovery  continued  to  be  practised  in  chamber  clocks  until 
the  reign  of  James  II.  It  was  then  applied  to  pocket  watches.  But 
there  arose  disputes  concerning  the  author  of  the  invention,  of  which  I 
shall  simply  relate  the  facts  to  the  reader,  leaving  him  to  judge  of  it 
as  he  thinks  proper.” 

Towards  the  end  of  the  reign  of  James  II.,  Mr  Barlow  applied  his 
invention  to  pocket  watches,  and  employed  the  celebrated  Tompion 
to  make  a watch  of  this  kind  according  to  his  ideas ; and,  at  that 
time,  conjointly  with  the  Lord  Alleborne,  Chief  Justice,  and  some 
others,  he  endeavoured  to  obtain  a patent  for  it. 

Mr  Quare,  an  eminent  watchmaker  in  London,  had  entertained 
the  same  notion  some  years  before,  but  not  having  brought  it  to  per- 
fection, he  thought  no  more  of  it  until  the  noise  excited  by  Mr  Bar- 
low’s  patent  awakened  in  him  his  former  ideas.  He  set  to  work,  and 
finished  his  mechanism.  The  fame  of  it  spread  abroad  among  the 
watchmakers,  who  solicited  him  to  oppose  Barlow’s  privilege  to  obtain 
a patent.  They  addressed  themselves  to  the  court ; and  a watch  of 
the  invention  of  each  was  brought  before  the  king  and  his  council. 
The  king,  after  having  made  trial  of  them,  gave  the  preference  to 
that  of  Mr  Quare. 
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The  difference  between  these  two  inventions  is  this: — The  repetition 
in  Mr  Barlow’s  watch  was  effected  by  pushing  in  two  small  pieces, 
one  on  each  side  of  the  watch-case,  one  of  which  repeated  the  hour, 
the  other  the  quarters.  Quare’s  watch  repeated  by  means  of  one  pin 
only,  fixed  in  the  pendant  of  the  case,  which  being  pushed  in,  made 
the  repetition  of  the  hours  and  quarters,  the  same  as  is  done  at 
present,  by  pushing  in  once  only  the  pendant , which  carries  this 
pin. 

This  invention  of  repeating  the  hours  in  small  fixed  clocks  and  in 
watches,  was  soon  known  and  imitated  in  France;  and  these  machines 
were  very  common  in  1728,  when  the  celebrated  Julien  Le  Roy 
was  much  occupied  in  their  improvement.  It  was  at  this  period  that 
he  made  the  repeating  clock,  of  which  a description  is  given  at  the 
end  of  The  Artificial  Buie  of  Time.  This  was  made  for  the  bed- 
chamber of  Louis  XV.  of  France. 

The  first  repeaters,  even  those  of  Quare,  as  well  as  others,  gave 
the  number  of  the  hour  according  to  the  length  pushed  in  of  the 
pendant,  which  was  very  inconvenient,  by  striking  improper  hours, 
when  the  pendant  was  not  pushed  home  to  the  snail.  This  frequently 
caused  mistakes  in  regard  to  the  true  hour  which  ought  to  have  been 
given.  We  have  heard  our  predecessor,  Mr  James  Cowan  of 
Edinburgh,  who  went  to  Paris  in  1751,  for  improvement  in  his 
profession,  and  who  executed  some  'pieces  under  Julien  Le  Boy , 
say,  that  Le  Roy  introduced  the  mechanism  into  the  repeater,  which 
prevented  the  watch  from  striking  any  thing  but  the  true  hour.  This, 
we  think,  was  done  to  the  repeating  clock  for  Louis  XV. ’s  bed- 
chamber. In  this  construction,  it  struck  none,  unless  the  cord  or 
pendant  made  the  rack  go  fully  home  to  the  snail,  when  it  struck 
the  true  hour,  which  was  a very  considerable  improvement.  The 
piece  employed  for  this  purpose  is  called  the  all  or  nothing  piece. 
Considering  the  great  talents  which  Julien  Le  Roy  possessed,  we 
have  no  reason  to  doubt  of  this  improvement  being  his. 

“ Although  the  repetition ,”  says  Berthoud,  “ such  as  is  now  in  prac- 
tice, is  a particular  kind  of  striking,  its  mechanism  differs  totally 
from  that  of  the  striking  clock.  1st.  Because  every  time  that  it  is 
made  to  repeat,  the  main  repeating  spring  is  wound  up,  whereas  in 
the  common  striking  part,  the  main-spring  is  wound  up  only  once  in 
eight  days,  fifteen  days,  or  a month.  2d.  In  the  repetition  we  must 
substitute  for  the  count-wheel,  which  determines  the  number  of  blows 
that  the  hammer  must  strike,  a contrivance  wholly  different.  The 
first  author  of  this  ingenious  mechanism,  substituted  for  the  count- 
wheel,  a piece,  to  which,  in  regard  to  its  form,  he  gave  the  name  of 
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the  snail.  The  snail  is  a plain  piece,  divided  into  twelve  parts,  which 
is  formed  of  steps,  and  they  come  gradually  in  from  the  circumference 
towards  the  centre.  It  makes  a revolution  in  twelve  hours.  Each 
of  the  steps  is  formed  by  a portion  of  a circle.  Every  time  that  the 
clock  is  made  to  repeat  the  hour,  the  pulley  which  carries  the  cord 
is  connected  with  and  turns  a pinion,  which  leads  a rack,  whose 
arm  falls  on  one  or  other  of  the  steps  of  the  snail,  on  the  cord  being 
pulled , and  regulates  the  number  of  blows  which  the  hammer  ought 
to  give;  as  the  snail  advances  only  one  step  in  an  hour,  it  follows, 
that  if  it  is  wanted  to  be  made  to  repeat  at  every  instant  in  the 
hour,  we  shall  have  always  the  same  number  of  blow~s  of  the  ham- 
mer; whereas,  in  setting  off  the  wheel  work  of  an  ordinary  striking 
movement  more  than  once  in  the  hour,  we  should  have  a different 
hour.  A count-wheel  would  then  not  be  fit  for  a repetition.  The 
mechanism  of  the  repetition  has  a second  snail,  which  bears  four  steps 
also  in  portions  of  a circle,  to  regulate  the  blows  which  the  quarter 
hammers  must  give. 

The  count  and  hoop  wheels,  and  locking  plate  of  the  old  striking 
clocks,  for  regulating  the  number  of  blows  of  the  hammer,  and  lock- 
ing the  wheel-work,  was  excellently  contrived.  It  had  only  one  incon- 
venience, for  when  set  off  by  accident,  it  would  prematurely  strike 
the  hour  to  come:  this  made  it  requisite  to  strike  eleven  hours  before 
it  could  be  brought  again  to  the  hour  wanted.  Had  it  not  been  for 
the  invention  of  the  repeater,  these  would  have  continued,  and  would 
have  been  still  made  in  the  modern  clocks,  the  same  as  in  the  ancient 
ones.  But  the  snail  of  the  repeater  showed  that  it  could  be  adapted 
for  re^ulatino;  the  number  of  blows  for  the  hammer  of  a common 
striking  clock,  and  has  prevented  the  inconvenience  of  striking  over 
a number  of  hours  before  the  clock  could  be  set  to  the  right  hour 
again. 

“We  owe  to  Julien  Le  Roy,”  continues  Berthoud,  “the  sup- 
pressing of  the  bell  in  repeating  watches,  a change  which  has  made 
these  machines  more  simple,  by  rendering  the  movement  larger, 
more  solid,  and  less  exposed  to  dust.  These  watches,  which  he  called 
raised  brass  edges , are  of  a more  handsome  form.  From  the  time 
of  this  celebrated  artist,  all  the  French  repeaters  have  been  made 
according  to  this  model;  but  in  England,  where  repeating  watches 
were  invented,  they  make  them  for  the  most  part  with  a bell; 
and  in  Spain,  this  construction  is  still  more  preferred.  In 
repeating  watches  without  a bell,  the  hammers  strike  on  brass  pieces, 
either  soldered  or  screwed  to  the  case.  Repeating  watches  with  a 
bell,  have  also,  as  well  as  those  without  one , the  property  of  being 
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dumb,  that  is  to  say,  repeating  at  pleasure,  without  the  hammers 
being  allowed  to  strike  on  the  bell  or  brass  pieces.'’1 

This  effect  is  produced  after  the  pendant  is  pushed  in,  by  putting 
the  point  of  the  fore  finger  on  a small  spring  button  that  comes 
through  the  case.  Being  a little  pressed  in,  it  opposes  a piece  against 
the  hammers,  which  prevents  them  from  striking  either  a bell  or  the 
brass  pieces  inside  of  the  case;  by  which  means  the  blows  for  hours 
and  quarters  are  felt , though  they  cannot  now  be  easily  heard.  These 
kind  of  repeaters  are  found  very  convenient  for  those  who  are  deaf, 
as  during  the  dark  of  night  they  can  feel  the  hour  at  a time  when 
they  cannot  see  it.  These  sourdine  or  dumb  parts  have  been  left  off* 
of  late  years;  yet  they  are  not  without  their  advantages,  as  have  been 
now  shown. 

The  late  Julien  Le  Roy  had  tried  to  render  repeating  watches  more 
simple  by  suppressing  the  wheel-work  which  serves  to  regulate  the 
intervals  between  the  blows  of  the  hammers,  and  also  the  main  repeat- 
ing spring.  This  celebrated  artist  succeeded  in  constructing  new 
repeating  movements,  of  which  several  have  been  made  on  this  plan. 
But  it  appears  that  the  public  have  not  found  them  very  convenient, 
so  that  this  mode  of  constructing  them  has  not  been  imitated. 

The  only  one  of  this  kind  which  we  have  seen  of  Julien  Le  Roy’s, 
was  a very  good  one,  in  the  possession  of  John  Rutherfurd,  Esq.  of 
Edgerston.  Although  they  have  not  been  copied,  they  certainly 
deserve  to  be  so. 

Repeaters  have,  of  late,  been  made  with  springs  in  place  of  bells, 
(a  very  ingenious  substitute,  it  must  be  allowed,)  of  Swiss  inven- 
tion, though  they  are  as  superfluous  as  bells.  Considerable  trouble 
is  necessary  in  making  and  placing  them.  They  ought  never  to  be 
recommended,  if  it  could  be  avoided ; but  we  are  often  obliged  to 
yield  to  the  fashion  of  the  day,  even  when  it  does  not  coincide 
with  our  own  opinion.  When  three  or  more  hammers  are  used  to 
give  the  quarters,  we  then  would  admit  springs  in  place  of  bells, 
as,  when  they  are  well  tuned,  they  give  a most  beautiful  chijne  for 
the  quarters.  Were  bells  introduced  for  this  purpose,  they  would  give 
a clumsy  appearance  to  the  watch.  Julien  Le  Roy  saw  good  rea- 
sons for  setting  aside  the  bell ; and  no  plan  of  a repeater  will  ever 
be  superior  or  equal  to  that  of  his,  which  Graham  frequently  adopted 
in  many  of  his  watches,  though  his  repeating  motions  were  different ; 
Julien  Le  Roy’s  having  what  is  called  the  plain,  and  Graham’s  the 
stogden  motion,  a most  ingenious  contrivance,  requiring  great  judg- 
ment in  planning,  and  nice  execution  in  making  it.  This  motion  is 
well  adapted  for  half  quarters.  Though  we  have  hardly  seen  a 
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French  repeater  with  it,  yet  it  is  not  unknown  to  the  foreign  artist, 
as  appears  from  Thiout’s  Work.  Tom.  II.  p.  367,  Plcite  XJtXVI. 
fig.  3,  Paris , 1741.  This  repeating  motion  must  have  got  its  name 
from  the  inventor.  Upon  inquiring  after  him  when  in  London,  in 
the  year  1770,  we  learned,  with  much  regret,  that  he  had  died  a few 
months  before,  in  a charity  work-house,  at  a very  advanced  age. 
The  name  appears  to  be  German;  but  whether  he  was  a foreigner  or 
Englishman,  we  have  not  been  able  to  learn. 

We  shall  now  lay  before  our  readers  a complete  description  of  the 
repeating  movement  and  motion  work  of  clocks  and  watches,  which 
we  have  taken  principally  from  Berthoud’s  Essai  sur  IIHorlo- 
gerie. 

Clocks  that  have  a striking  part,  strike  of  themselves  the  hours, 
and  some  strike  the  hours  and  half  hours ; those  having  a repeating 
part,  strike  the  hours  the  siome  as  other  clocks , hut  the  repeating 
part  acts  only  on  a cord  connected  icith  that  particular  portion  of 
the  work  being  pulled.  In  repeating  watches,  when  the  pendant  or 
pusher  is  forced  home,  one  hammer  strikes  the  hour,  which  the  hands 
point  to  on  the  dial,  and  the  quarters  are  struck  by  the  blows  of  two 
hammers.  We  shall  see  by  the  description  of  a repeating  clock,  how 
this  is  produced ; but  before  doing  so,  we  shall  give  a general  idea 
of  this  ingenious  mechanism,  which  is  nearly  the  same  for  a clock  as 
for  a watch. 

In  order  to  make  a clock  repeat  the  hour,  (see  Plate  XII.  No.  64.) 
the  cord  X is  drawn,  which  is  wound  round  the  pulley  P,  fixed  on 
the  arbor  of  the  first  wheel  of  a particular  wheel- work,  the  sole  object 
of  which  is  to  regulate  the  intervals  between  each  blow  of  the  hammer. 
The  arbor  of  this  wheel  has  on  it  a hook,  which  takes  hold  of  the 
inner  end  of  the  repeating  main-spring,  contained  in  the  barrel  R,  No. 
63.  On  this  arbor  is  also  a plain  wheel  G,  having  15  pins  in  it,  which 
serve  to  raise  the  hammers,  twelve  of  them  for  the  hours,  and  three 
for  the  quarters.  The  number  of  blows  that  the  hour  hammer 
strikes,  depends  on  the  greater  or  less  course  which  the  pin  wheel  G 
is  made  to  take  when  pulling  the  cord;  and  this  course  depends 
itself  on  the  hour  pointed  at,  by  the  hands  on  the  dial.  Thus  if  the 
cord  is  drawn  when  it  is  twelve  hours  and  three  quarters,  the  pin- wheel 
is  obliged  to  make  an  entire  revolution;  at  this  instant  the  repeating 
spring  brings  it  back,  in  which  course  it  makes  the  hammer  give 
twelve  blows  for  the  hours,  and  then  three  for  the  quarters.  To 
distinguish  the  quarters  from  the  hours,  a second  hammer  is  added, 
which  with  the  first,  makes  a double  blow  at  each  quarter. 
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It  must  now  be  shown  by  what  means  the  course  which  the  pin- 
wheel  takes,  is  regulated  on  the  cord  being  pulled,  and  how  it  is  pro- 
portioned to  the  hour  which  the  hands  point  to  on  the  dial. 

A wheel  S,  or  minute  wheel  of  the  dial  work,  No.  65,  has  its  arbor 
prolonged  and  outside  of  the  back  of  the  pillar  plate.  In  this  case , 
and  in  common , the  repeating  work  is  put  between  the  dial  and 
fore  plate  of  the  frame.*  It  carries  the  piece  s h , No.  64,  the  pin 
of  which  C,  turns  the  star  wheel  E,  which  takes  twelve  hours  to  go 
once  round,  and  carries  with  it  a piece  L,  called  the  hour  snail,  divided 
into  twelve  parts,  tending  to  the  centre  oi  the  star  wheel.  Each 
of  these  parts  forms  different  depths,  like  as  many  steps,  which  gra- 
dually come  nearer  the  centre,  and  which  serve  to  regulate  the  num- 
ber of  the  hours  which  the  hammer  must  strike.  For  this  purpose, 
the  pulley  P carries  a pinion  a,  which  pitches  in  with  a portion  of  a 
wheel  0,  No.  64,  called  the  rack.  When  the  cord  is  pulled,  and  the 
rack  is  in  consequence  made  to  advance  towards  the  snail,  the  arm  b 
stops  on  such  a step  of  the  snail  as  it  may  meet  with  in  its  course ; 
and,  according  to  the  depth  of  this  step,  the  hammer  strikes  a greater 
or  less  number  of  blows.  It  will  strike  only  one  hour  if  the  arm  b 
of  the  rack  is  stopped  on  the  step  1,  the  most  distant  one  from  the 
centre,  as  then  the  pin-wheel  getting  only  one  of  its  pins  engaged, 
the  hammer  strikes  only  one  blow.  If,  on  the  contrary,  the  step  1 2, 
which  is  the  deepest  and  nearest  the  centre,  is  met  by  the  arm  b in 
its  course,  which  cannot  get  there  until  the  pin  wheel  shall  have  made 
one  turn,  then  the  spring  in  the  barrel  bringing  it  back  will  cause 
the  hammer  to  give  twelve  blows. 

It  remains  to  be  seen  how  the  quarters  are  repeated.  The  piece 
5,  No.  64,  which  turns  the  star  wheel,  and  takes  one  hour  to  make  a 
revolution,  is  carried  by  another  snail  /j,  called  the  quarter  snail , 
formed  by  four  divisions,  making  three  paths  or  steps,  on  one  of 
which,  when  the  cord  is  pulled,  the  arm  Q of  a piece  Q D,  called  the 
finger,  places  itself,  and  according  as  the  step  is  nearer  or  farther  from 
the  centre  of  the  snail,  the  end  D of  the  finger  finds  itself  more  or 
less  aside  from  the  centre  a of  the  pulley  P,  so  that  when  the  pull 
of  the  cord  is  finished,  and  the  pulley  returns  by  the  force  of  the 
spring  in  the  barrel,  one  of  its  four  pins  acts  on  this  finger,  namely, 
the  one  which  it  finds  at  a distance  from  the  centre  a,  which  answers 
to  the  elevation  of  the  arm  D,  and  this  is  what  determines  the  blows 
for  the  quarters.  Thus,  when  the  finger  is  applied  on  the  pin  nearest 

* This  part  of  the  repeating  work,  with  the  dial  wheels,  go  under  the  general  name  of  the 
motion  work. 
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the  centre  of  the  pulley,  the  hour  hammer  strikes  only  the  number 
of  hours  that  the  snail  L,  and  the  arm  b of  the  rack  have  determin- 
ed. If  the  finger  is  placed  on  the  second  pin,  it  does  not  stop  the 
pulley  till  after  the  hour  hammer  has  struck  the  hour,  then  a quar- 
ter, and  so  on  for  the  three  quarters.  Having  thus  given  an  idea  of 
the  essential  parts  of  a repeater,  let  us  now  proceed  to  a particular 
description  of  a repeating  clock  with  an  anchor  escapement. 

Plate  XII.  Nos.  63,  64,  and  65,  represent  all  the  parts  of  a repeat- 
ing clock  seen  in  plan.  No.  63  represents  the  wheels  and  pieces  con- 
tained within  the  frame,  or  what  are  put  between  the  two  plates,  with 
the  exception  of  the  anchor  A,  which  is  placed  in  this  way,  to  show 
the  escapement. 

The  wheels  B,  0,  D,  E,  F,  are  those  of  the  movement.  B is  the 
barrel  which  contains  the  clock  main-spring.  The  great  wheel  is 

fixed  to  the  bottom  of  the  barrel  B,  and  pitches  into  the  pinion  of 

the  wheel  0,  which  is  the  great  intermediate  wheel,  D is  the  third  or 
the  centre  or  minute  wheel.  Our  workmen  give  the  name  of  minute- 
wheel  to  what  Berthoud  gives  the  name  of  the  returning-wheel ; and 
what  he  calls  the  minute-wheel , obliges  us  to  make  it  the  centre  or  third 
wheel , in  conformity  to  his  language.  E,  the  fourth  wheel,  or  that 

where  the  contrate  wheel  was  usually  placed.  F the  ratchet  or 

escapement  wheel.  The  centre  wheel  D makes  a revolution  in  an 
hour.  The  pinion  on  which  this  wheel  is  fixed,  has  its  pivot  pro- 
longed, which  passes  through  the  fore  plate  No.  65.  This  arbor  or 
pivot  enters  spring  tight  into  the  canon  of  the  minute-pipe  wheel  m, 
seen  in  perspective  figure  2,  which  makes  also  by  this  means  a 
turn  in  an  hour.  This  canon  carries  the  minute-hand ; and  its 
wheel  m pitches  into  the  returning  or  minute-wheel  S,  of  the  same 
number  of  teeth,  and  of  the  same  diameter  as  the  wheel  on.  The 
pinion  of  the  wheel  S makes  twelve  revolutions  in  the  time  that 
the  hour-wheel  0 makes  one.  The  wheel  0,  which  is  one  of  the  dial 
wheels,  takes  then -twelve  hours  to  make  one  revolution,  and  is  that 
which  carries  the  hour  hand. 

It  must  be  observed,  with  regard  to  these  three  wheels,  C,  m , S, 
which  are  called  the  dial  wheels,  that  they  are  always  the  same,  whe- 
ther the  clock  is  a striking  one  or  a repeating  one  : their  effect  caus- 
ing the  hour  or  dial  wheel  0 to  make  a revolution  in  the  space  of 
twelve  hours.  The  wheels  G,  L,  M,  N,  No.  64,  and  the  fly  V, 
form  the  wheel-work  of  the  repeating  part.  The  object  of  this  wheel- 
work,  as  has  already  been  mentioned,  is  to  regulate  the  interval 
between  each  blow  of  the  hammer.  The  ratchet  B,  and  the  pin  wheel 
G,  are  fixed  on  the  same  arbor  in  common  with  the  wheel  L,  within 
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whose  centre  it  freely  turns.  The  spring  R and  the  click  e,  are 
placed  on  the  wheel  L. 

When  the  cord  X,  which  is  wound  round  the  pulley  P,  No.  64,  is 
pulled,  the  ratchet  R,  No.  63,  fixed  on  the  same  arbor  as  the  pulley, 
retrogrades,  or  goes  backward,  and  the  inclined  planes  of  the  teeth 
raise  the  end  of  the  click  at  0.  Then  the  repeating  spring  brings 
back  the  ratchet,  whose  teeth  butt  or  stop  against  the  end  of  the  click, 
which  carries  about  the  wheel  L,  and  the  wheel  work  M,  N,  Y : but 
while  the  ratchet  R thus  carries  the  wheel  L,  and  while  the  pin 
wheel  Gr,  and  the  pulley  P,  which  are  fixed  on  the  same  arbor, 
turn  also,  the  pins  of  the  wheel  Gr  act  on  pieces  m , n,  No.  63,  whose 
arbors  prolonged  carry  the  hammers  l,  m,  No.  63.  Each  piece  m , n, 
is  pressed  by  a spring  to  bring  forward  the  hammers,  after  the  pins 
had  made  them  rise  up  or  go  backward.  The  spring  r is  only  seen, 
which  acts  on  the  piece  m ; that  which  acts  on  the  piece  n is  placed 
under  the  plate  which  carries  the  motion  work,  No.  64.  The  piece  o 
serves  to  communicate  the  motion  of  that  of  m to  the  arbor  or  piece 
ft,  which  carries  the  hour  hammer. 

The  piece,  (bascule,)  or  see-saw  m x,  No.  63,  is  movable  on  the 
arbor  which  carries  the  quarter  hammer.  On  this  arbor  below  m,  x, 
an  arm  like  that  of  m moves,  on  which  act  the  three  pins  placed  on 
the  under  side  of  the  wheel  Gr.  These  three  pins  serve  to  raise  the 
quarter  hammer  fixed  on  the  arbor  which  carries  the  piece  m.  It  is 
this  hammer  which  the  spring  r presses.  When  the  cord  is  pulled, 
the  wheel  0 is  made  to  go  backward,  the  pins  of  which  come  to  act 
on  the  back  part  of  the  arm,  m,  which  yields  and  comes  from  m to  x. 
The  small  arm  which  is  below  for  the  quarters,  makes  the  same  motion; 
and  when  the  repeating  spring  brings  back  the  wheel  Gr,  a small  spring, 
which  acts  on  these  pieces  m,  obliges  them  to  get  engaged  between  the 
spaces  of  the  pins,  and  to  present  the  right  planes  on  which  these 
pins  act  to  raise  the  hammers. 

The  pulley  P,  No.  64,  carried  the  pinion  a,  which  pitches  into  the 
rack  b 0,  the  effect  of  which  is,  as  has  been  said,  to  make  the  point 
b go  upon  the  steps  of  the  snail  L,  and  determine  the  number  of  blows 
which  the  hour  hammer  must  give. 

The  star  wheel  E,  and  the  snail  L,  are  fixed  together  by  two  screws. 
This  star  moves  on  a screw  stud  Y,  No.  64,  attached  to  the  piece  T R, 
movable  itself  in  T.  This  piece  forms,  with  the  plate,  a small  frame, 
in  which  the  star  E and  snail  L turn.  One  of  the  radii  or  teeth  of 
the  star  bears  on  the  jumper  Y,  which  is  pressed  by  the  spring  g. 
When  the  pin  0 of  the  quarter  snail  turns  the  star  wheel,  the  jumper 
Y moves  out,  receding  from  Y,  the  centre  of  the  star  until  the 
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tooth  of  the  star  arrives  at  the  angle  of  the  jumper,  which  happens 
when  it  has  made  half  of  the  way  which  it  ought  to  do.  Having 
escaped  this  angle,  the  inclined  plane  of  the  jumper  pushes  it  behind, 
and  makes  it  precipitately  finish  the  other  half;  so  that  from  the 
changing  of  one  hour  to  another,  that  of  the  star  and  of  the  snail  is 
done  in  an  instant,  which  is  when  the  minute-hand  points  to  the  60th 
minute  on  the  dial. 

The  jumper  finishing  thus  in  turning  the  star  wheel,  each  tooth 
placed  in  c comes  on  the  back  of  the  pin  c,  and  makes  the  surprise  s, 
to  which  it  is  fixed,  advance.  The  surprise  is  a thin  plate,  adjusted 
on  the  quarter  snail;  it  turns  with  it  by  means  of  the  pin  which 
comes  through  an  opening  made  in  the  surprise:  the  advance  which 
the  star-wheel  teeth  causes  the  surprise  to  make  serves  to  prevent  the 
arm  Q of  the  finger  from  falling  into  the  step  3,  which  would  make  the 
three  quarters  repeated  when  at  the  60th  minute.  As  soon  as  the 
star  changes  the  hour,  it  then  obliges  the  surprise  to  advance  to  receive 
the  arm  Q;  so  that  if  the  cord  is  pulled  at  this  instant,  the  hammer 
will  strike  the  precise  hour. 

The  arm  Q and  the  finger  are  movable  on  the  same  centre.  When 
we  have  drawn  the  cord,  and  when  the  pins  of  the  pulley  have  freed 
or  left  the  finger  at  liberty,  then  the  spring  p makes  the  arm  Q fall 
on  the  quarter  snail,  and  the  finger  D presents  itself  to  one  or  other 
of  the  pins  in  the  pulley.  These  two  pieces  can  turn  one  on  the 
other,  and  be  moved  separately.  This  serves  in  the  case  where  the 
arm  Q going  to  fall  on  the  step  h of  the  quarter  snail,  and  the  finger 
D being  engaged  in  the  pins  of  the  pulley,  this  arm  bends  and  yields 
to  the  pins  of  the  pulley,  which  at  this  instant  cause  it  to  retrograde, 
or  go  backward;  it  is  necessary  that  the  pin  for  the  present  in  hold 
can  make  the  finger  move  separately  from  the  piece  Q.  The  spring  B 
brings  back  the  finger  D as  soon  as  the  pin  has  retrograded,  so  that 
it  may  present  itself  to  the  pin  which  stops  for  the  hour  alone,  or  for 
the  quarter,  if  the  arm  falls  on  the  step  1,  &c. 

Having  pointed  out  the  most  essential  parts  of  the  repetition,  there 
remains  only  one  of  which  an  idea  must  be  given,  and  which  we  shall 
endeavour  to  make  the  reader  understand.  This  is  the  all  or  nothing , 
which  has  this  property,  that  if  the  cord  is  not  fully  drawn,  so  as  to 
make  the  arm  b of  the  rack  0 press  on  the  snail  L,  the  hammer  will 
not  strike,  so  that  by  this  ingenious  mechanism  the  piece  will  repeat 
the  exact  hour;  if  otherwise,  it  will  not  repeat  at  all. 

We  have  seen,  that  when  the  cord  X is  pulled,  the  pin-wheel  G 
oversets  the  piece  m and  makes  it  come  to  x;  and  that  before  the 
hammer  can  strike,  a small  spring  must  bring  back  the  piece  m to 
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put  in  holding  with  the  pins ; after  that,  it  is  easy  to  see  that  if,  in 
place  of  allowing  the  piece  m to  take  its  situation,  it  were  made  still 
more  to  be  overset,  the  repeating  spring  bringing  back  the  pin- wheel, 
the  hammer  would  not  strike  while  this  piece  remained  overset:  this 
is  precisely  the  effect  that  the  piece  TR  (No.  64.)  produces,  which  is 
on  that  account  called  the  all  or  nothing  piece.  This  is  effected  in 
the  following  manner:  the  piece  m (No.  63.)  carries  a pin,  which 
goes  through  the  plate  by  the  opening  o ; if  we  pull  the  cord,  the  pin- 
wheel  causes  the  piece  m to  move,  as  we  have  just  now  described. 
The  pin  which  it  carries  comes  to  press  against  the  end  o of  the  all  or 
nothing  piece,  and  sets  it  aside,  so  that  the  pin  shall  arrive  at  the 
extremity,  which  is  a little  inclined ; but  the  spring  d , tending  to  bring 
back  the  arm  0,  the  inclined  plane  obliges  the  pin  to  describe  still 
a small  space  which  takes  the  arm  m (No.  63.)  entirely  out  of  the 
reach  of  the  pins,  so  that  the  hammer  cannot  strike  unless  the  pin  is 
disengaged  from  the  end  of  the  arm  0.  To  effect  this,  the  arm  of 
the  rack  must  come  and  press  on  the  snail  L,  which  moves  on  a stud 
V,  fixed  to  the  all  or  nothing  piece  TR.  Now,  in  pressing  the  snail, 
the  arm  0 of  the  pin  is  set  aside,  which,  getting  free,  gives  liberty 
to  the  arm  m to  present  itself  to  the  pins  of  the  wheel  G-,  and  to  the 
hammers,  that  of  striking  the  hours  and  quarters  given  by  the  dial 
work  and  hands. 

The  ratchet  R (No.  63.)  is  that  of  the  click  and  ratchet  work  of 
the  movement,  c is  the  click,  r the  spring.  The  ratchet  R is  put  on 
a square  of  the  barrel  arbor;  this  square  being  prolonged,  serves  to 
wind  up  the  spring  by  means  of  a key;  B is  the  barrel  in  which  the 
spring  or  motive  force  for  the  repetition  must  be  put;  V is  a screw 
called  the  eccentric  or  pivot- carrying  piece;  on  the  part  which  enters 
with  force  into  the  plate,  a little  out  from  the  centre  of  the  arbor  of 
the  screw,  a hole  is  made  for  the  pivot  of  the  anchor  A.  In  making 
this  screw  turn,  the  pivot  of  the  arbor  of  the  anchor  is  made  to  go 
farther  or  nearer  the  centre,  and  consequently  the  anchor  itself,  so 
that  the  points  of  the  pallet  take  more  or  less  in,  according  as  it  is 
required  with  the  teeth  of  the  escapement  wheel.  A,  (No.  64.)  is  the 
cock  of  the  escapement,  it  carries  the  silk  thread  or  spring,  to  which 
the  pendulum  is  suspended.  One  of  the  ends  of  the  silk  thread  is 
attached  to  the  arbor  c,  which  is  called  amnce  or  retard , (fast  or 
slow; ) the  other  end  of  this  arbor  goes  through  to  the  dial,  and  is 
squared  to  receive  a small  key.  By  this  means  we  can  turn  the 
arbor  c,  to  any  side,  so  as  to  lengthen  or  shorten  the  silk  thread, 
which  serves  to  suspend  the  pendulum,  whose  length  is  changed  by 
this  method. 
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The  anchor  A,  (No.  63.)  is  fixed  on  an  arbor  similar  to  that  for  a 
seconds  pendulum.  This  arbor  carries  the  fork  T,  which  gives  motion 
to  the  pendulum.  The  pivot  which  this  arbor  carries  at  the  end  where 
the  fork  is,  enters  into  a hole  made  in  the  cock  A. 

1 represents  in  perspective  the  wheel  D,  whose  revolution  is 
performed  in  an  hour ; it  is  the  arbor  of  it  that  carries  the  wheel  m. 
(No.  65.)  This  wheel  m is  seen  in  perspective  in  2,  whose 
canon  serves  to  carry  the  minute-hand;  3 represents  in  perspective 
the  wheel  S of  (No.  65.)  It  is  the  arbor  of  this  wheel  prolonged, 
which  passing  to  the  motion  work,  carries  the  quarter  snail  h (No. 
64.)  The  pinion  of  this  wheel  S,  pitches  into  the  hour- wheel  seen  in 
perspective  4;  and  it  is  on  the  socket  of  this  wheel  that  the  hour  hand 
is  adjusted  or  fixed. 

It  will  be  seen  from  the  preceding  description,  that  the  pieces  of 
the  repeating  motion  work  are  here  placed  on  the  back  of  the  pillar 
plate.  Placing  them  on  the  fore  plate  will  make  no  difference. 

We  shall  now  proceed  to  describe  a repeating  watch,  with  a hori- 
zontal or  cylindrical  escapement  of  Graham’s. 

What  has  been  said  concerniug  the  repetitions  in  pendulum  clocks 
and  the  simple  or  plain  watch,  being  once  well  understood,  the  reader 
will  have  no  difficulty  in  comprehending  the  mechanism  of  a repeat- 
ing watch,  which  is  only  on  a small  scale  what  the  clock  is  on  a great 
scale. 

No.  66.  of  Plate  XIII.  represents  the  wheel-work  of  the  move- 
ment and  of  the  repetition,  and  all  the  pieces  which  are  put  within 
the  frame  plates.  There  is  a distinction  here  between  the  wheels, — 
those  of  the  movement,  or  which  serve  to  measure  the  time,  as  the 
wheels,  B,  0,  D,  E,  F,  and  those  of  the  repetition,  which  serve  to 
regulate  the  interval  between  the  blows  of  the  hammer;  such  are  the 
wheels  5,  ff,  c?,  0,  f whose  assemblage  is  called  the  little  wheel-work, 
or  runners. 

The  spring  of  the  movement  is  contained  in  the  barrel  A ; B is 
the  great  or  fusee  wheel,  0 the  centre  or  second  wheel,  whose 
arbor  prolonged  carries  the  canon  pinion,  on  which  the  minute-hand 
is  fitted  and  adjusted;  D is  the  third  wheel;  E the  fourth  wheel; 
and  F the  cylinder  escapement,  or  balance  wheel.  The  fusee  I is 
adjusted  on  the  great  wheel  B,  a spring-tight  collet  and  pin  keeping 
the  wheel  to  its  place  on  the  fusee;  the  chain  is  wound  round  on  the 
fusee,  and  holds  likewise  of  the  barrel.  The  hook  0 of  the  fusee 
serves  to  stop  the  hand,  on  the  watch  being  full  wound  up,  by  the 
hook  stopping  against  the  end  of  the  guard  de  gut  stop,  ( the  n me 
it  got  before  the  chain  was  put  to  the  fusee ; the  modern  name  of  it 


REPEATING  CLOCKS  AND  WATCHES. 


339 


is  the  fusee  stop,)  c,  (No.  67.)  attached  to  the  other  plate;  its  effect 
is  tliQ  same  as  in  the  plain  watch.  No.  66.  represents  the  cylinder 
escapement,  of  which  a description  has  already  been  given.  See 
page  227. 

B is  the  balance  fixed  on  the  cylinder,  F is  the  cylinder  wheel, 
which  is  represented  as  tending  to  act  on  the  cylinder,  and  cause 
vibrations  to  be  made  by  the  balance.  None  of  the  pieces  are  drawn 
here,  such  as  the  cock,  slide-curb,  and  pendulum,  or  spiral  spring, 
as  they  would  have  rather  made  the  escapement  part  obscure.  The 
wheel  work  or  runners  of  the  repetition,  is  composed  of  five  wheels 
a , b , c , d , e , and  the  fly-pinion  f and  of  four  other  pinions.  The 
effect  of  this  wheel  work  is  to  regulate  the  interval  between  each 
blow  of  the  hammer:  so  that  if  the  first  wheel  a is  made  to  have  42 
teeth,  the  second  b 36,  the  third  c 33,  the  fourth  d 30,  and  the  fifth 
^25;  and  moreover,  if  all  the  pinions  into  which  these  wheels  pitch 
have  six  leaves  or  teeth,  then  in  the  time  that  the  first  wheel  a 
makes  a turn,  the  pinion  f will  make  481 2i  revolutions;  but  the 
ratchet  R,  which  the  first  wheel  a carries,  is  commonly  divided  into 
24  parts,  the  half  of  which  are  afterwards  taken  away,  in  order  that 
there  may  remain  only  12  to  strike  12  blows  for  the  12  hours.  If 
then  we  divide  4812  by  24,  we  shall  have  the  number  of  turns  that 
the  fifth  pinion  makes  for  each  blow  of  the  hammer,  which  gives 
200^  turns  of  the  pinion  f for  one  tooth  of  the  ratchet  R. 

The  first  wheel  a , or  great  wheel  of  the  striking  part,  carries 
a click  and  a spring,  on  which  acts  a small  ratchet,  put  under 
the  ratchet  wheel  R,  which  forms  click  and  ratchet  work,  like 
what  has  been  seen  in  the  first  wheel  of  repetition,  which  has 
the  same  use;  that  is  to  say,  when  we  push  the  pendant  or  pusher, 
the  ratchet  R retrogrades,  without  the  wheel  a turning;  and  the 
spring  which  is  in  the  barrel  (B,  No.  67,)  bringing  back  the  ratchet 
R,  on  whose  arbor  g , the  inner  end  of  the  spring  is  hooked;  the 
small  ratchet  comes  butt  against  the  click,  and  turns  the  wheel  a 
and  the  ratchet  R makes  the  hammer  M to  strike,  whose  arm  m is 
engaged  with  the  teeth  of  this  ratchet. 

The  spring  r attached  to  the  plate  (No.  67,)  acts  on  the  small  part 
n of  the  arm  m , (No.  66.)  The  effect  of  this  spring  is  to  press  the 
arm  m against  the  teeth  of  the  ratchet,  so  that  when  we  make  the 
watch  to  repeat,  the  ratchet  R retrogrades,  and  the  spring  r brings 
always  back  the  arm  m , in  order  that  the  teeth  of  the  ratchet  may 
make  the  hammer  to  strike.  Let  us  noAv  pass  on  to  the  description 
of  the  motion  work. 

y 2 
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No.  68  represents  that  part  of  a repeater  which  is  called  the  dial 
or  motion  work.  It  is  seen  in  the  instant  where  the  button  or  pen- 
dant is  just  pushed  home  to  make  it  repeat.  In  first  taking  off  the 
hands,  and  then  the  screw  which  fixes  the  dial  of  repeating  watches, 
we  will  see  the  same  mechanism  that  this  figure  represents.  This  is 
the  kind  of  repeating  motion  work  most  generally  adopted;  it  is  solid 
and  of  easy  execution.  P is  the  ring  or  bow  to  which  the  pendant 
shank  or  pusher  is  attached,  and  this  enters  into  the  socket  0 of 
the  watch-case,  and  moves  within  its  whole  length  in  tending  towards 
the  centre.  It  carries  the  piece  />,  which  is  of  steel,  and  fixed  in 
the  pendant  shank,  both  composing  the  pusher;  the  under  side  is 
filed  flat.  A plate  of  steel,  fixed  to  the  case  inside,  prevents  it  from 
turning  round,  and  permits  it  to  move  lengthwise  only.  The  end 
part  of  the  steel  in  the  pusher  is  formed  so  that  it  cannot  come 
out  of  the  case  socket,  this  being  also  prevented  by  the  small  steel 
plate. 

The  end  of  the  piece  p acts  on  the  heel  t of  the  rack  C 0,  whose 
centre  of  motion  is  at  y,  and  at  whose  extremity  c,  is  fixed  one  end 
of  the  chain  S S.  The  other  end  keeps  hold  of  the  circumference  of  a 
pulley  A,  put  by  a square  on  the  prolonged  arbor  of  the  first  wheel 
of  the  runners.  This  chain  passes  over  a second  pulley  B. 

If  then  we  push  the  pusher  P,  the  end  c of  the  rack  will  describe 
a certain  space,  and,  by  means  of  the  chain  s s , will  cause  the  pulleys 
A B to  turn.  The  ratchet  R,  (No.  66,)  will  also  retrograde,  until 
the  arm  b of  the  rack  comes  upon  the  snail  L;  then  the  main  spring 
of  the  repetition  bringing  back  the  ratchet,  and  the  pieces  which  it 
carries,  the  arm  m will  present  itself  to  the  teeth  of  the  ratchet,  and 
the  hammer  M will  strike  the  hours,  the  number  of  which  depends  on 
the  step  of  the  snail,  which  is  presented  to  the  arm  b. 

In  order  to  have  a better  idea  of  the  effect  and  disposition  of  this 
repetition,  it  is  only  necessary  to  look  at  (No.  68.)  where  the  rack  y c 
is  seen  in  perspective;  the  hour  snail  L,  and  the  star  wheel  E;  the 
pulleys  A and  B,  the  ratchet  R,  the  wheel  a,  the  part  of  raising  m n of 
the  hour  hammer;  these  are  the  principal  parts  of  a repetition,  which 
are  drawn  as  if  they  were  in  action. 

The  snail  L is  fixed  to  the  star  E by  means  of  two  screws;  they 
both  turn  on  the  pivot  formed  from  the  screw  V,  carried  by  the  all  or 
nothing  piece  T R,  moveable  on  its  centre  T;  the  all  or  nothing  piece 
forms  with  the  plate  a sort  of  frame,  in  which  the  star  and  hour  snail 
turn.  Let  us  now  see  how  the  quarters  are  repeated. 

Besides  the  hour  hammer  M,  there  is  another  hammer  N,  (No.  66) 
whose  arbor  or  pivot  comes  up  within  the  motion  work,  and  carries  the 
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piece  5 6,  (No.  68.)  The  prolonged  pivot  of  the  hour  or  great  hammer 
passes  also  within  the  motion  work,  and  carries  the  small  arm  q; 
these  pieces  5,  6,  and  </,  serve  to  make  the  quarters  strike  by  double 
blows.  This  is  the  effect  of  the  quarter  rack  Q,  which  has  teeth  at 
the  ends  F and  G,  that  act  on  the  pieces  q , 6,  and  cause  the  hammers 
to  strike.  This  piece  or  rack  Q,  is  carried  about  by  the  arm  which 
the  arbor  of  the  ratchet  It  has  on  it,  by  a square  above  the  pulley  A, 
in  such  a manner,  that  when  the  hours  are  repeated,  the  arm  h acts 
on  the  pin  G fixed  in  the  quarter  rack,  and  obliges  it  to  turn  and  raise 
the  arms  q and  6,  and  consequently  the  hammers. 

The  number  of  quarters  which  the  hammers  must  strike,  is  deter- 
mined by  the  quarter  snail  N,  according  to  the  depth  of  the  steps  h, 
1,  2,  or  3,  which  it  presents:  the  quarter  rack  Q,  pressed  by  the 
spring  D,  retrogrades,  and  the  teeth  of  the  rack  engage  more  or  less 
with  the  arms  q , 6,  which  get  also  a retrograde  motion,  and  are 
brought  back  by  the  springs  10  and  9:  The  arm  /£,  bringing  back 
the  quarter  rack,  its  arm  m acts  on  the  extremity  R of  the  all  or 
nothing  T R,  the  opening  of  which  at  traversing  against  a stud 
fixed  to  the  plate,  allows  R to  describe  a small  space:  the  arm  m, 
coming  to  the  extremity  of  R,  this  last  pressed  by  the  spring  i x,  is 
made  to  return  into  its  place,  so  that  the  arm  m rests  on  the  end  R, 
and  by  this  the  quarter  rack  cannot  fall  or  retrograde,  unless  the  all 
or  nothing  piece  is  pushed  aside.  The  arm  u,  carried  by  the  quarter 
rack,  serves  to  overturn  or  set  aside  the  raising  piece  m,  (No.  66.) 
which  is  moveable  on  the  arbor  of  the  hour  hammer , whose  pin  1 comes 
up  within  the  motion  work;  so  that  when  even  the  hours  and  quar- 
ters are  repeated,  the  quarter  rack  still  continues  to  move  a little  way, 
and  the  arm  u turns  aside  the  raising  piece  m,  by  means  of  the  pin  1 , 
which  comes  within  the  motion-work,  and  by  this  it  is  put  from 
having  any  holding  with  the  ratchet  R,  so  long  as  the  all  or  nothing 
T R does  not  allow  the  quarter  rack  to  retrograde  or  fall,  which  can 
only  happen  in  the  case  when,  having  pushed  home  the  pendant 
against  the  snail,  the  arm  b of  the  rack  0 0 presses  the  snail,  and 
makes  it  describe  a small  space  at  the  extremity  R of  the  all  or 
nothing:  then  the  quarter  rack  will  fall  and  disengage  the  becks  or 
lifting  pieces,  and  the  hammers  will  strike  hour  and  quarters,  given 
by  the  snails  L and  N. 

The  great  hammer  carries  a pin  3,  (No.  68.)  which  comes  up  to 
the  motion-work,  through  an  opening  marked  3,  (No.  68.)  the  spring  r 
acts  on  this  pin,  and  causes  the  great  hammer  to  strike.  This  ham- 
mer carries  another  pin  2,  which  passes  also  through  to  the  motion- 
work  by  an  opening  2,  (No.  68);  it  is  upon  this  that  the  small  tail  of 
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the  raising  piece  q acts,  to  make  it  give  blows  for  the  quarters: 
the  small  hammer  has  also  a pin  which  passes  through  to  the  motion- 
work  by  the  opening  4 ; it  is  upon  this  pin  that  the  spring  7 presses, 
to  cause  the  quarter  hammer  to  strike.  The  spring  S is  the  spring 
jumper,  which  acts  on  the  star  wheel  E.  3 represents  the  canon 
pinion,  and  the  quarter  snail  N,  seen  in  perspective.  The  quarter 
snail  N is  rivetted  on  the  canon  pinion  0,  the  end  of  which,  D,  car- 
ries the  minute-hand;  the  snail  N carries  the  surprise  S,  the  effect 
of  which  is  the  same  as  that  for  the  repeating  clock,  that  is  to  say, 
when  the  pin  0 of  the  surprise  shifts  the  place,  or  causes  the  star  to 
advance,  and  the  jumper  having  done  turning  it,  one  of  the  teeth  of 
the  star  comes  to  touch  the  pin  O,  which  is  carried  by  the  surprise, 
and  causes  the  part  of  the  surprise  Z,  (No.  68.)  to  advance ; so  that 
when  the  arm  Q of  the  quarter  rack  falls  on  this  part  Z,  and  pre- 
vents it  from  falling  on  the  step  3,  of  the  snail,  by  this  the  piece 
repeats  only  the  hour.  The  changing  from  one  hour  to  another  is 
by  this  way  made  in  an  instant,  and  the  watch  strikes  the  hour 
exactly  as  marked  by  the  hands.  The  socket  or  canon  of  the  canon- 
pinion  C D,  3,  is  slit,  in  order  that  it  may  move  spring-tight  on  the 
arbor  of  the  second  wheel,  on  which  it  enters  with  a degree  of  stiff- 
ness or  friction  slight  enough  to  be  able  to  turn  easily  the  minute- 
hand  to  either  side,  by  setting  it  back  or  forward  according  as  it  may 
be  required,  which  sets  also  the  hour-hand  to  the  hours. 

It  is  proper  here  to  undeceive  those  who  think  that  they  injure 
their  watches  in  setting  the  minute-hand  backward.  In  order  to  con- 
vince one’s  self  that  there  is  nothing  in  this,  it  is  sufficient  to  remark 
the  position  which  the  pieces  must  have  in  a repeating  motion-work, 
when  it  has  to  repeat  the  hour,  when  the  pendant  or  pusher  has 
brought  back  and  set  aside  all  the  pieces  which  communicate  with 
the  snails  L,  N ; for  at  this  time  there  is  no  communication  or  con- 
nection between  the  pieces  of  the  movement  and  those  of  the  motion- 
work,  but  that  of  the  pin  O,  of  the  snail  or  surprise,  with  the  teeth  of 
the  star  wheel  E,  which  nothing  can  prevent  from  retrograding.  If 
then  the  minute  hand  is  made  to  make  a complete  turn  backward, 
the  pin  0 will  also  make  one  of  the  teeth  of  the  star  retrograde  ; and  if 
the  watch  is  made  afterwards  to  repeat,  it  will  strike  always  the 
hours  and  quarters  as  marked  by  the  hands;  but  it  must  be  observed, 
that  if  the  hands  were  turned  in  the  same  instant  that  the  watch  is 
made  to  repeat,  they  would  then  be  prevented.  It  is  necessary  there- 
fore, before  touching  the  hands  of  a repeating  clock  or  watch,  to  wait 
till  it  has  repeated  the  hour,  so  that  all  the  pieces  shall  have  taken 
their  natural  situations. 
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It  is  easy  to  conclude  from  this,  that  since,  with  a repeating  watch 
we  can  set  backward  or  forward  the  minute-hand,  according  as  it  may 
be  required,  we  may,  with  much  greater  reason,  do  this  in  a plain 
watch  where  no  obstacle  is  opposed  to  it. 

As  to  the  hour-hand  of  a repeating  watch,  it  ought  never  to  be 
turned,  without  that  being  done  by  the  minute-hand  alone ; except 
in  that  case  where  the  repeater  does  not  strike  the  hour  marked  by 
the  hour-hand,  when  it  would  be  necessary  to  put  it  to  the  hour  which 
the  repeater  strikes. 

When  the  repeater  gets  of  itself  deranged,  by  the  hour-hand  not 
according  with  the  hour  which  the  watch  strikes,  it  is  a proof  that 
the  jumper  S,  or  the  pin  0 of  the  snail,  do  not  produce  the  effect 
required. 

The  returning  or  minute  wheel  5,  of  40  teeth,  is  placed,  and  turns  on 
the  stud  12,  (No.  68.)  which  is  led  by  the  canon  pinion  N,  of  10  leaves; 
the  minute  wheel  pinion  of  12  leads  the  hour-wheel  of  36,  causing  it 
to  make  a revolution  in  12  hours,  and  the  canon  pinion  makes 
1 2 revolutions  for  one  of  the  hour- wheel ; it  is  the  socket  of  the  hour- 
wheel  which  carries  the  hour-hand.  The  raising  or  lifting  pieces  m 
n , (No.  66.)  can  only  describe  a small  arc,  which  permits  the  ratchet 
R to  retrograde;  and  so  soon  as  the  mover  brings  it  back,  the  arm  1 
of  the  raising  piece  draws  the  hammer  M.  2 represents  the  under 
side  of  the  all  or  nothing,  with  the  two  studs;  one  U as  a centre  on 
which  it  moves,  and  the  other  x on  which  the  star  and  snail  turn, 
the  hole  e of  this  piece  allows  the  square  of  the  fusee  of  the 
movement  to  come  through,  and  lastly  passing  through  the  dial, 
serves  for  winding  up  the  watch.  W,  (No.  68,)  is  the  locking  spring 
and  bolt;  this  is  what  prevents  the  movement  from  opening  out  of  the 
case. 

Y is  a small  cock  or  bridge  which  keeps  the  rack  to  its  place,  and 
prevents  it  from  getting  away  from  the  plate,  permitting  it  to  turn 
only  on  its  own  centre. 

All  the  parts  of  the  repetition  or  motion  work  which  have  been 
described,  are  placed  on  the  hack  of  the  pillar  plate,  and  are  covered 
by  the  dial;  so  that  between  the  plate  (No.  68,)  and  the  dial,  there 
must  be  an  interval  to  allow  sufficient  play  for  the  motion  work.  It 
is  for  this  purpose  that  a piece  is  destined,  which  is  not  represented 
here,  and  which  is  called  the  brass  edge.  This  is  a sort  of  circle  or 
ring,  into  which  the  circumference  or  edge  of  the  pillar  plate  is  sunk 
a little  way,  with  which  it  is  kept  fast,  by  means  of  keys,  or  griffs  13 
and  14.  The  brass  edge  is  covered  by  the  dial,  fixed  on  tbe  brass 
edge,  by  means  of  a screw. 
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A repeater  is  made  to  strike  the  hour  which  it  indicates  the  moment 
we  press  in  the  pendant;  so  that  the  machine  must  be  contrived  in 
such  a way,  that  it  may  be  easy  to  push  in  the  pendant,  and  that  the 
blow's  of  the  hammers  may  be  the  strongest  possible.  With  respect 
to  the  first,  that  depends  on  two  things,  the  given  force  of  the  spring, 
and  the  length  of  the  pusher;  that  is  to  say,  the  space  described, 
and  the  manner  of  making  the  pusher  act  on  the  rack.  With  regard 
to  the  last,  the  rack  must  be  placed  in  such  a manner,  that  the  point 
of  contact  of  the  pusher  follows  the  arc  described  by  the  rack,  in  such 
a way  that  the  force  shall  not  be  decomposed,  so  that  the  action  of  the 
hand  on  the  pusher  shall  be  exerted  wholly  upon  the  rack. 

With  regard  to  the  pusher,  its  length  depends  on  the  point  where 
it  acts  on  the  rack,  that  is  to  say,  according  as  farther  or  nearer  the 
centre  of  motion.  It  is  obvious,  that  if  it  acts  near  the  centre,  more 
force  is  required,  and  it  will  describe  a less  space,  and  vice  versa.  As 
to  the  force  of  the  blow  of  the  hammer,  it  is  limited  by  the  force  of 
the  repeating  main-spring,  and  by  the  force  that  the  runners  require  to 
move  or  keep  them  in  motion;  for  it  is  clear  that  it  is  only  the 
excess  of  the  force  of  the  spring  over  the  resistance  of  these  wheels 
that  can  be  employed  to  raise  the  hammer.  The  number  of  blows  of 
the  hammer,  for  one  revolution  of  the  ratchet,  determines  again  the 
force  of  the  blow. 


CHAPTER  XVII. 

On  Thermometers , Pyrometers , and  the  expansive  ratio  of 
Metals , <$fc. 

Before  giving  descriptions  of  compensation  pendulums,  it  will  be  pro- 
per to  take  a review  of  Thermometers,  their  different  scales,  and  cor- 
responding degrees,  because  they  are  required,  when  making  trials 
of  the  expansion  of  metals,  by  the  application  of  heat  to  them,  when 
placed  for  this  purpose  in  a pyrometer.  We  shall  give  an  account 
of  the  result  of  such  experiments  as  have  been  made  in  this  way  by 
sundry  philosophers,  leaving  the  artist  to  adopt  any  of  them  which 
he  pleases.  They  will  show  what  has  progressively  been  done,  and 
by  getting  a general  knowledge  of  the  relative  expansion  of  metals, 
he  will  be  better  enabled  to  construct  compensation  pendulums,  on 
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such  principles  as  may  seem  to  him  the  best  calculated  to  obtain  the 
end  required. 

Fahrenheit’s  thermometer  is  used  in  Britain,  at  least  it  is  the  one 
in  most  general  use.  The  space  on  the  scale  of  it,  between  the  freez- 
ing and  boiling  points,  is  divided  into  ] 80  degrees,  beginning  at  the 
temperature  produced  by  mixing  snow  and  common  salt  together, 
which  is  32  degrees  below  freezing;  of  course  the  freezing  point  is 
marked  32  degrees,  and  the  boilingpoint  21 2 degrees.  The  thermometer 
known  by  the  name  of  Reaumur’s  was  in  fact  constructed  by  De  Luc, 
and  used  in  France  before  the  revolution;  it  is  still  used  in  Italy, 
Spain,  and  in  general  throughout  the  most  part  of  the  continent  of 
Europe,  even  in  Russia  where  that  of  De  Lisle’s  was  contrived.  The 
scale  of  Reaumur’s  between  the  freezing  and  boiling  points,  is  divided 
into  80  degrees,  the  freezing  point  being  marked  zero  or  0,  and  the 
boiling  point  80  degrees,  consequently  180  degrees  of  Fahrenheit  is 
equal  to  80  degrees  of  Reaumur,  or  18  of  Fahrenheit  is  equal  to  8 of 

Reaumur,  or  9 of  F.  equal  to  4 of  R. ; therefore  F = ^ + 32. 
Then  2-  25  degrees  of  Fahrenheit  is  equal  to  1 degree  of  Reaumur.  27 
degrees  of  Reaumur’s  thermometer,  the  height  which  Berthoud  raised 
it  to,  in  his  experiments  on  the  expansion  of  metals,  will  be  found 
to  be  equivalent  to  92.75  degrees  of  Fahrenheit;  or  92.75  degrees — 
32  = 60.75  degrees,  the  whole  range  of  the  difference  of  temperature 
made  use  of  in  his  experiments.  We  believe  that  this  was  also  the 
extent  taken  by  Mr  Troughton  with  his  superlative  pyrometer;  for  these 
reasons,  it  may  be  proper  to  take  the  expansive  ratios  of  brass  and  steel, 
as  given  either  by  Berthoud  or  Troughton,  seeing  their  experiments 
did  not  go  so  far  as  boiling  water,  yet  far  enough  to  give  such  propor- 
tions sufficient  to  fit  up  a compensation  pendulum.  A pendulum  may 
sometimes  be  exposed  to  a cold  below  the  freezing  point,  and  at  other 
times  to  a greater  degree  of  heat  than  92.75  degrees  of  Fahrenheit;  a 
range  of  60*75  degrees  should  surely  be  enough  for  this  purpose. 

The  thermometer  of  Celsius  is  used  in  Sweden.  It  has  been 
used  also  in  France  since  the  revolution,  under  the  name  of  thermo - 
metre  centigrade.  In  it  the  space  between  the  freezing  and  boiling 
point  is  divided  into  100;  the  freezing  point  is  marked  zero,  the  boil- 
ing point  100.  Consequently  the  degrees  of  Fahrenheit  are  to  those 
of  Celsius  as  180  : 100  = 18  : 10  = 9 : 5;  that  is,  9 degrees  of 
Fahrenheit  are  equal  to  5 of  Celsius.  Therefore  to  reduce  the 

degrees  of  Celsius  to  those  of  Fahrenheit,  we  have  F = -^+32,  and 
1*8  degree  of  Fahrenheit  is  equal  to  one  degree  of  the  centigrade 
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thermometer.  It  may  be  observed,  that  it  was  the  fertile  genius  of 
Dr  Hooke  that  suggested  the  freezing  and  boiling  of  water,  as  fixed 
points  of  temperature,  to  include  a scale  marked  with  the  various 
degrees. 

These  being  the  principal  thermometers  now  in  use,  the  tempera- 
ture indicated  by  any  of  them,  may  be  reduced  into  the  corresponding 
degrees  of  the  others,  by  means  of  the  following  simple  theorems,  in 
which  R signifies  the  degrees  on  Reaumur’s  scale,  F,  those  of  Fahren- 
heit, and  S those  of  Celsius  or  the  Swedish  thermometer. 

Is#,  To  convert  the  degrees  of  Reaumur  into  those  of  Fahrenheit. 
_ L -L32  = f. 

4 1 

2 c£,  To  convert  the  degrees  of  Fahrenheit  into  those  of  Reaumur. 


3^,  To  convert  the  Swedish  degrees  into  those  of  Fahrenheit. 


6^,  To  convert  Reaumur’s  degrees  into  Swedish.  =s. 

For  those  unacquainted  with  the  algebraic  expressions  of  arith- 
metical formulae,  it  may  be  necessary  to  explain,  in  words,  one  or  two 
of  these  theorems.  Case  1st,  Multiply  the  degrees  of  Reaumur  by 
9,  divide  the  product  by  4,  and  to  the  quotient  add  32,  the  sum 
expresses  the  degree  on  the  scale  of  Fahrenheit.  Case  2d,  From  the 
degree  of  Fahrenheit  subtract  32,  multiply  the  remainder  by  4,  and 
divide  the  product  by  9,  the  quotient  is  the  degree  according  to  the 
scale  of  Reaumur. 

Self-registering  thermometers  have  been  contrived  by  several ; for 
an  account  of  one  by  the  late  Alexander  Keith,  Esq.  of  Ravelstone, 
See  Nicholson's  Journal , vol.  iii.  4to.  Series.  Or  Edinburgh  Philosophi- 
cal Transactions , vol.  iv. 

For  the  following  on  thermometer  Scales , we  are  indebted  to  our 
ingenious  friend  Mr  Scott. 

“Although  Fahrenheit’s  scale  coincides  in  many  instances  with 
degrees  on  the  centigrade  and  Reaumur,  yet  the  only  points  which  are 
characterised  on  Fahrenheit,  which  agree  with  points  on  the  other 
scales,  without  fractional  parts,  are  those  of  freezing  and  boiling  water, 
as  follows: 


hth.  To  convert  Swedish  into  those  of  Reaumur.  S*4  - = R. 

7 o 
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; Freezing 

Fahrenheit. 

32° 

Centigrade. 

0 

Reaumur. 

0 

Temperate 

- 

48 

8f 

n 

Agreeable 

- 

64 

m. 

14f 

Very  warm 

- 

80 

26* 

21  f 

Blood  heat 

- 

96 

35# 

28| 

Fever  heat 

- 

112 

4— 

SO|lf* 

36* 

Water  boils 

- 

212 

100 

80 

Therefore,  if  Fahrenheit  is  right 

in  his  scale  of  temperatures,  there 

is  a want  in  the  other  two,  in  as  much  as  fractions  of  a degree  are 
required  to  point  out  the  most  usual  known  temperatures.  But,  as 
Fahrenheit’s  scale  commences  at  a decree  of  cold  which  seldom  or 
never  is  known  in  Europe, — perhaps  it  would  be  better  to  make  his 
scale  begin  at  freezing  with  0,  and  ascend  to  180  degrees  for  boiling 
water,  and  the  degrees  below  0 or  freezing,  might  be  made  negative, 
as  is  done  in  the  others ; freezing  and  boiling  water  being  points  with 
which  we  are  familiar.  (A  sketch  of  the  proposed  improvement  of 
Fahrenheit’s  scale,  see  Plate  XIV.)  It  is  done  by  simply  deducting 
32  degrees  from  all  the  points  of  Fahrenheit’s  usual  scale.  W ere  such  a 
one  adopted,  there  is  no  doubt  but  it  would  soon  supersede  the  present 
mode;  it  is  both  more  natural,  and  agrees  with  the  two  extreme  points, 
so  well  defined.  For  scales  of  the  three  thermometers,  and  the  for- 
mulae for  reducing  the  degrees  of  one  scale  into  those  of  another,  six 
cases  being  given,  with  their  solution,  see  Plate  XIV. 

Godfroi  Wendelinus,  or  Vendelinus,  Canon  of  Conde,  in  Flanders, 
who  published  a dissertation  on  the  obliquity  of  the  ecliptic  in  1626, 
seems  to  have  been  the  first  who  observed,  that  by  changes  of  tempe- 
rature, metals  changed  their  lengths;  and  Muschenbrock  appears  to 
have  been  the  first  who  made  experiments  with  a machine  which  he 
called  a pyrometer,  to  try  the  effects  of  heat  and  cold  on  various 
metals:  an  improved  pyrometer  was  made  soon  afterwards  by  Mr 
John  Ellicott.  See  Muschenbrock' 's  Phil.  vol.  I.  p.  202.  Ricciolis  Aim. 
I.  109.  Weidler , p.  457.  Gass.  op.  Tome  V.  p.  525. 

A curious  fact  is  published  by  De  Luc.  A brass  rod,  which  he 
used  as  a thermometer,  became  in  summer  habitually  longer;  that 
is  to  say,  that  after  being  for  some  time  lengthened  by  heat,  it  did  not 
contract  by  the  application  of  cold  to  its  former  length,  but  continued 
somewhat  longer.  In  winter  the  contrary  phenomenon  took  place. 
After  being  contracted  by  cold,  it  did  not  return  to  its  former  length 
on  the  application  of  heat,  but  kept  somewhat  shorter.  A leaden  rod 
showed  these  effects  in  a greater  degree.  Glass  has  not  this  quality. 
I)e  Luc  suspects  this  property,  is  inversely  as  the  elasticity  of 
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bodies.  Glass  is  perfectly  unelastic,  and  lead  is  less  elastic  than  brass. 
Jour,  de  Phys.  xviii.  369.  The  compound  pendulum  by  Smeaton 
has  a glass  rod,  and  pendulums  of  this  kind  have  been  observed  to 
do  uncommonly  well.  Can  this  arise  from  the  principle  noticed  by 
M.  De  Luc? 

Dr.  Dre,  an  eminent  chemist,  observed  something  of  this  kind  to 
have  taken  place  in  zinc.  See  his  Chemical  Dictionary,  article 
Caloric.  If  the  experiment  was  pushed  to  a great  length,  this  pro- 
perty might  be  perceived  in  other  metals;  it  was  found  even  in  steel 
by  Berthoud. 

Zinc,  from  this  cause,  may  be  reckoned  a metal  unfit  for  a compen- 
sation pendulum.  The  zinc  tube  pendulum  we  found  to  do  extremely 
well,  as  did  also  the  zinc  bar,  one  contrived  by  Mr.  Henry  W ard,  who 
was  a man  of  very  considerable  talent.  We  shall  give  an  extract  of 
what  he  says  on  this  matter  in  his  pamphlet,  published  from  the  Trans- 
actions of  the  Society  for  the  Encouragement  of  Arts,  Manufactures, 
and  Commerce,  for  the  year  1807-  “It  has  been  the  opinion 
of  some  mechanists,  that  zinc  is  an  unfit  substance  for  a com- 
pensation pendulum,  because  they  have  thought  it  too  soft  for  the 
purpose,  and  that,  after  being  heated  or  cooled  to  a considerable 
degree,  it  does  not  return  to  its  original  dimensions.  If  that  was 
really  the  case,  no  doubt  but  it  would  be  a general  one,  common  to  all 
metals  in  a greater  or  less  degree ; but  from  the  experiments  and 
observations  I have  made  on  zinc  pendulums,  I am  fully  satisfied  there 
is  no  foundation  whatever  for  such  an  opinion.  Some  time  in  the  latter 
part  of  the  last  summer,  I however,  noticed  a circumstance  that  made 
me  doubt  the  matter;  for  when  I first  used  any  zinc  pendulums,  I 
could  never  bring  the  clock  to  keep  the  same  rate  for  two  days 
together,  but  that  it  was  continually  retarding,  whether  I used  the  lamp 
or  not;  and  had  I not  before  observed  a similar  effect  on  a lever 
pendulum,  that  was  made  of  brass  and  steel,  I should  have 
ascribed  the  cause  wholly  to  the  softness  of  the  zinc  bar,  but  by 
constantly  comparing  its  daily  rate  with  one  that  had  been  going 
a longer  time,  I found  that  this  retarding  property  gradually  wore 
off,  and  in  less  than  a month,  would  become  quite  settled  to  the 
rate  that  it  would  afterwards  keep.  By  subsequent  experiments 
with  the  lamp  too,  I have  constantly  found,  that  all  the  pen- 
dulums I have  hitherto  tried,  kept  precisely  the  same  rate,  both  dur- 
ing the  time  they  were  heated  (provided  they  were  properly  adjusted) 
and  afterwards,  as  they  had  done  before.  The  cause  of  this  retar- 
dation appears  to  me  to  be,  that  the  points  of  contact  of  the  different 
pieces  which  compose  the  pendulum,  are  more  closely  connected 
after  a little  time  than  they  were  at  first;  that  is,  those  points  of 
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contact  do,  by  the  weight  of  the  ball,  yield  to  each  other  in  a small 
degree,  until  they  get  a broader  bearing.1’ 


Tables  of  the  Expansion  of  Metals. 


eeguson’s — Iron  and  Steel 

as  3.  Ellicott’s — Gold 

73. 

Copper 

4^.  Silver 

103. 

Brass  - 

5.  Brass 

95. 

Tin  - 

6.  Copper 

89. 

Lead  - 

7.  Iron 

60. 

Steel 

56. 

Lead 

149. 

The  following  is  Smeaton’ 

s Table,  showing  how  much  a 

foot  in 

length  of  each  metal  lengthens  by  an  increase  of  heat,  corresponding 
to  180  degrees  of  Fahrenheit’s  thermometer,  or  the  difference 
between  freezing  and  boiling.  The  unit  is  the  10,000th  part  of  an 
inch. 


White  glass  barometer  tube  - - 100. 

Martial  regulus  of  antimony  - - 130. 

Blistered  steel  - 138. 

Hard  steel  - - - - - 147. 

Iron  - - 151. 

Bismuth  - 167. 

Copper,  hammered  - 204. 

Copper,  8 parts,  mixed  with  tin,  1 - 218. 

Cast  brass  -----  225. 

Brass,  16  parts,  with  tin,  1 229. 

Brass  wire,  and  speculum  metal  - - 232. 

Spelter  solder,  viz.  brass,  2 parts — zinc,  1 247. 

Fine  pewter  - - 274. 

Grain  tin  - - 298. 

Soft  solder,  viz.  lead,  2 — tin,  ] - - 301. 

Zinc,  8 parts — tin,  1 , a little  hammered  - 328. 

Lead  ------  344. 

Zinc,  or  spelter  - 353. 

Zinc,  hammered  half  an  inch  per  foot  - 373. 


See  Phil.  Trans,  vol.  48,  Art.  79,  p.  598;  and  for  De  Luc’s  experi- 
ments on  Kamsden’s  pyrometer,  see  Phil.  Trans,  vol.  68.  part  1st. 
Art.  20.  p.  419—546. 
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General  Boy  s Table  of  Expansion. 

In  the  pendulum  of  seconds,  the  quantity  required  to  be  added  to 
or  subtracted  from  the  length,  to  cause  a gain  or  loss  of  one  minute 
per  day,  is  0.0545  of  an  inch  at  a medium,  which  does  not  differ  from 
either  extreme,  more  than  the  half  of  unity  in  the  last  figure.  Hence 
the  mean  variation  of  length  answering  to  one  second,  is  0.00098  of 
an  inch.  And  by  General  Roy’s  experiments,  in  the  75th  volume  of 
the  Phil.  Trans,  the  expansions  of  five  feet,  of  the  under-mentioned 
substances,  by  a variation  of  temperature  of  180  degrees  of  Fahrenheit, 
namely  from  32  degrees  to  212  degrees,  are, 


Inch. 

Rod  of  English  plate  brass  - - 0.113568. 

Ditto  of  steel  ------  0.068684. 

Prism  of  cast  iron  - 0.066563. 

Glass  tube  -----  0.046569. 

Solid  glass,  and  made  long  before  - 0.048472. 

Expansion  of  mercury  is  said  to  be  fifteen  times  that  of  iron. 
Hence,  it  is  seen,  that  in  a clock  with  a simple  pendulum,  having  the 
rod  of  steel,  every  difference  of  temperature  of  four  degrees  will  cause 
a variation  of  one  second  per  day;  that  the  variation  with  a brass 
rod  is  nearly  twice  as  much,  and,  with  a glass  rod,  not  much  more 
than  half  the  quantity.  The  difference  between  the  mean  heights  of 
the  thermometer  within,  at  the  Royal  Society’s  apartments,  in  sum- 
mer and  in  winter,  is  about  25  degrees.  Hence,  the  difference  between 
the  going  of  a clock  with  a simple  pendulum,  in  winter  and  in  sum- 
mer, or  in  summer  and  in  winter,  will  be  about  six  seconds  per  day, 
or  one  minute  in  ten  days. 

The  difference  in  length,  in  straight  grained  deal  wood,  is  found  to 
be  very  small,  whence  it  is  a general  opinion,  that  in  clocks  of  the 
common  construction,  in  which  the  pendulum  is  without  intermission 
connected  with  the  train,  and  the  parts  of  the  escapement  are  oiled, 
the  errors  of  expansion  in  such  a pendulum  are  much  less  than  those 
which  arise  from  the  unequal  transmission  of  the  maintaining  power. 
See  Nicholson'1  s Journal , quarto  series,  vol.  1st,  page  58,  May 
1797. 

“Lieutenant  Henry  Kater  (now  Captain  Kater)  makes  the  expan- 
sion of  white  deal,  from  the  temperature  of  186  to  49,  to  be  0.0205  for 
four  feet,  and,  for  one  foot,  to  be  0.0040  parts  of  an  inch.  Deal  is 
then  to  zinc  as  49  to  353".  This  seems  to  have  been  unhammered 
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zinc.  From  the  trials  we  have  made  with  wood  there  did  not  appear 
a possibility  of  getting  such  a result  as  could  be  depended  on. 

M.  Berthoud  made  experiments  with  wood,  but  finding  nothing 
that  was  satisfactory  in  his  trials,  has  given  us  no  account  of  them  that 
could  be  of  any  service,  otherwise  they  would  have  been  given.  His 
conclusion  is,  that  wood  is  very  unfit  for  a pendulum  rod;  he  means, 
perhaps,  for  a complete  or  compensation  pendulum. 

Mr  Rittenhouse,  a native  of  Switzerland,  and  a very  able  philoso- 
pher, now  residing  in  America,  says,  “That  there  is  no  expansion  in 
white  deal.”  See  in  Dr.  Ure’s  Chemical  Dictionary , very  neat  and 
copious  tables,  not  only  of  the  expansion  of  solids,  but  also  of  liquids, 
from  32  to  212  degrees. 

Before  giving  the  table  of  expansion  of  metals  by  M.  Berthoud,  it 
may  be  proper  to  give  his  detail  of  the  process  he  made  in  making 
these  experiments  on  his  pyrometer.  Being  an  excellent  workman  as 
a watchmaker,  an  intelligent  mechanic  and  philosopher,  and  at  the 
same  time  zealous  to  find  what  were  the  materials  proper  for  fitting 
up  a compensation  pendulum,  we  may  have  great  confidence  in  the 
results  he  has  given. 

He  says,  “An  abstract  of  the  experiments  which  I made  on  the 
expansion  of  different  bodies,  No.  1687  of  his  Essai  sur  Vhorlogerie. 
To  make  experiments  on  different  metals,  in  order  to  deduce  the 
proportion  or  ratios  of  their  expansion,  it  is  not  enough  to  have  con- 
structed the  instrument  we  have  described,  (meaning  his  pyrometer;) 
these  experiments  require  an  extreme  precision,  without  which  it 
is  astonishing  to  find  such  opposite  results,  although  we  think  to 
have  always  operated  in  the  same  way.  This  is  what  I have  found 
several  times,  for  the  same  degrees  of  cold  and  heat,  have  not  always 
given  the  same  extensions.  These  were  the  difficulties  which  obliged 
me  often  to  repeat  the  same  experiments ; and  willing  to  avail  myself 
of  the  cold  of  January  1760,  I perceived,  that  in  making  these 
experiments,  in  the  same  way  as  in  the  preceding  years,  I found 
results  very  different,  which  I attributed  particularly  to  the  way  by 
which  the  heat  of  the  pan  was  introduced  into  the  stove.  In  the  stove 
he  placed  his  pyrometer  and  thermometer , and  the  rods  of  metal  under 
trial;  for  hitherto  it  was  a pipe  from  the  warming  pan,  which  went 
up  by  the  side  of  the  rod  of  metal  under  trial,  and  as  the  thermometer 
was  at  a distance  from  it,  it  happened  that  the  heat  which  impressed 
the  rod,  was  not  exactly  that  which  impressed  the  thermometer;  so 
that,  according  to  the  greater  or  less  liveliness  of  the  fire  from  the 
pan,  and  of  the  time  which  the  experiment  lasted,  the  rod  and  the 
thermometer  were  heated  very  differently. 
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1687.  Here  then,  are  the  changes  which  I made.  First,  I placed 
in  the  stove  a plate,  bent  at  the  place  where  the  heat  which  comes 
from  the  pipe  of  the  pan,  to  impress  the  inside  of  the  stove;  this  plate 
is  bent  in  such  a manner  that  the  heat  goes  down  again,  and  divides 
itself  to  get  up  equally  in  every  part  of  the  stove. 

44  1688.  Secondly , I placed  the  thermometer  quite  near  the  rod  of 
metal,  at  the  requisite  distance,  so  as  they  do  not  touch  one  another; 
by  this  means,  it  happens  that  they  are  equally  impressed  by  the 
same  heat. 

“ I applied  on  the  same  plate  three  thermometers  of  mercury, 
divided  after  the  scale  of  Reaumur;  the  first  with  a cylindrical  kind 
of  ball,  it  rises  to  boiling  water;  the  second  has  three  branches,  and 
goes  to  39  degrees  above  freezing;  the  third  has  four  cylindrical 
branches,  and  rises  to  74  degrees  above  freezing.  They  are  made  thus 
with  several  branches,  in  order  to  render  them  more  or  less  sensible; 
and  to  compare  them  with  rods  of  different  thicknesses,  so  that  a 
degree  of  heat  acts  with  an  equal  advantage  to  dilate  a rod  of  a given 
thickness,  and  dilate  the  mercury  of  one  of  the  thermometers:  so, 
when  I examine  in  the  stove  the  lengthening  of  a rod  a little  strong^ 
to  know  the  degree  of  temperature  which  makes  it  change,  I see  the 
thermometer  which  has  the  greatest  quantity  of  mercury  under  the 
least  surface;  and  when  I have  a small  rod,  I use  the  thermometer 
with  two  branches,  which  has  less  mercury  under  a greater  sur- 
face, &c. 

44 1689.  Thirdly , To  set  out  in  a sure  or  certain  way,  with  the  same 
degree  of  cold,  1 made  a cask  of  about  4 feet  deep,  and  9 inches  in  the 
base;  I filled  it  with  pounded  ice,  so,  by  placing  in  it  the  rods  which 
I wanted  to  try,  they  took  exactly  the  temperature  of  the  ice. 

44  1690.  I made  use  of  a more  moderate  and  continued  fire  to  give 
heat  to  the  stove,  I formerly  used  live  coal  or  charcoal,  now  I make 
use  of  the  peats,  which  the  tanners  make  up  and  sell  for  burning; 
this  fire  is  mild,  lasts  a long  while  the  same,  and  introduces  itself  by 
this  means  in  an  uniform  manner,  which  imitates  the  gradual  heat  of 
the  air.  I did  not  use  these  peats  which  are  of  the  same  largeness  of 
size,  till  they  have  been  equally  burned,  so  far  as  to  smoke  no  more: 
I had  particular  attention  that  the  time  of  the  experiment  was  always 
of  the  same  duration,  in  order  to  have  exact  results;  and  I can  posi- 
tively say  they  were  so.  For  having  repeated  several  times  the  same 
experiments,  I have  always  found  the  same  results;  in  consequence, 
I have  recommenced  all  my  experiments,  not  only  on  those  metals 
which  I had  observed,  but  even  upon  glass,  gold,  and  silver,  having 
got  drawn  a rod  of  gold  and  of  silver,  40  inches  in  length  each. 
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M.  Romilly,  a very  able  watchmaker,  was  present  at  some  of  my 
experiments,  having  invited  him  to  see  them,  he  had  the  complaisance 
to  procure  for  me  the  rods  of  gold  and  silver.  By  means  of  these 
experiments,  I give  here  a complete  and  exact  table  of  the  expansion 
of  all  the  metals  which  I tried,  and  I suppress  all  the  experiments 
which  I made  during  four  preceding  winters,  with  several  substances 
compounded  of  lead,  antimony,  &c.  being  not  sufficiently  exact  to  have 
a place  here. 


VI th  March , 1760. 

44  1691.  Having  filled  the  cask  with  ice,  I placed  in  it  different  rods 
of  the  same  length,  that  is  to  say,  of  3 feet,  2 inches,  5 lines  = 461 
lines,  reckoning  from  the  fixed  point  which  keeps  to  the  upper  pillar 
of  the  pyrometer,  to  the  point  where  they  act  against  the  rack;  the 
breadth  of  these  rods  is  5 lines,  and  3 lines  thick;  it  must  be 
remarked,  that  to  each  rod  which  I tried,  I brought  the  thermometer 
to  the  freezing  point,  by  covering  it  with  pounded  ice. 

Experiment. 

44  1692.  Having  taken  the  rod  of  glass  from  the  cask,  and  placed  it 
on  the  pyrometer,  the  thermometer  at  zero,  the  hand  or  index  of  the 
pyrometer  at  68  degrees  of  cold,  having  placed  the  stove  and  heated 
it,  the  thermometer  rose  to  27  degrees,  and  the  index  of  the  pyro- 
meter to  6 degrees;  so  for  27  degrees  of  the  thermometer,  the  index 
of  the  pyrometer  has  described  or  run  over  62  divisions  of  the  circle, 
that  is  to  say,  the  glass  rod  has  lengthened  -^b-ths  of  a line. 

44  1693.  I took  from  the  cask  a rod  of  tempered  steel,  which  had 
been  brought  back  to  a blue,  that  is  to  say,  that  it  had  the  temper  of 
springs  or  nearly  so;  having  placed  it  on  the  pyrometer,  when  the 
thermometer  marked  zero,  and  the  index  of  the  pyrometer  19  degrees 
of  cold;  by  means  of  the  stove,  I made  the  thermometer  rise  to  27 
degrees,  the  pyrometer  to  58  of  heat,  the  index  of  the  pyrometer  has 
described  77  divisions  of  the  limb  or  arch  of  the  circle,  so  the  tem- 
pered steel  rod  has  lengthened  -^g-ths  of  a line. 

44  1694.  Likewise  having  taken  the  rod  of  lead  from  out  of  the  ice,  and 
placed  it  on  the  pyrometer  when  the  thermometer  was  at  zero,  and  the 
index  of  the  pyrometer  at  91  degrees  of  cold,  when  the  thermometer  was 
raised  to  27  degrees,  the  pyrometer  marked  102  of  heat;  then,  whilst 
the  thermometer  was  raised  to  27  degrees,  the  index  of  the  pyrometer 
has  described  193  divisions  of  the  limb;  that  is,  that  the  rod  of  lead 
has  lengthened  £-§-§■  of  a line  in  setting  out,  and  being  heated  to  27 
degrees  of  the  thermometer  of  M.  de  Reaumur. 
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1695.  By  a process  perfectly  similar,  a rod  of  tin  lengthened 
Iff;  a rod  of  brass  -J-fi;  a rod  of  gold,  quality  21  carats,  wire  drawn 
and  very  hard-lengthened  g-9^ ; the  same  rod  brought  back  in  the  fire 
to  soften  it,  lengthened  the  rod  of  steel  being  softened,  length- 

ened which  was  found  by  two  separate  trials ; a rod  of  iron  ham- 
mered cold,  lengthened  ; the  same  rod  softened,  a rod  of  cop- 
per, iw ; a rod  of  metal,  composed  of  lead,  and  with  one-sixth  part  of 
antimony,  a glass  tube,  four  lines  in  diameter,  ; a rod  of 
silver  wire  drawn,  . These  expansions  are  arranged  in  the  following 
Table  : 


BerthoucFs  Table  of  the  Proportion  of  the  Expansion  of 
Metals , Sfc. 


1695. 


Steel  softened 

- 

69 

Iron  ditto  - 

- 

75 

Steel  tempered 

- 

77 

Iron  forged  cold 

- 

78 

Gold  softened 

- 

82 

Ditto  wire  drawn  hard  - 

- 

94 

Copper  - 

- 

- 107 

Silver  wire  drawn  - 

- 

- 119 

Brass  - 

- 

121 

Tin  - 

- 

- 160 

Lead  - 

- 

- 193 

Glass  - 

- 

62 

Mercury  • - 

- 

- 1235 

Berthoud,  in  his  calculations,  made  use  of  the  ratios  of  74  for 
steel  to  121  for  brass.  Some  have  made  the  expansion  of  platinum 
the  same  as  glass. 

1697.  All  these  rods  were  tried,  without  being  loaded  or  charged 
with  weights.  Afterwards,  wishing  to  know  the  change  that  the 
weight  of  a pendulum  ball,  or  lens,  would  cause  to  the  extension  of 
the  rods ; I fixed  to  a rod  of  steel,  a lentille  of  35  lbs.,  and  found 
that  the  extension  was  sensibly  the  same,  but  the  cold  did  not  shorten 
the  rod  the  same  quantity  that  the  heat  had  dilated  it.  I shall  not 
relate  these  experiments  here,  because  they  did  not  appear  to  me  to 
be  exact  enough. 

1698.  I suppress  also,  to  make  short  details  of  the  experiments 
that  I made  on  rods  of  wood  of  different  kinds;  suffice  it  to  say, 
that  wood  is  subject  to  very  considerable  alterations  by  heat  and  cold, 
by  moisture  and  dryness,  in  so  much,  that  it  is  very  unfit  to  make 
pendulum  rods  of. 
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1699.  Although  metals  expand  in  all  directions,  we  have  consi- 
dered their  extension  only  in  their  length,  because  it  is  only  this 
which  we  need,  it  matters  very  little  whether  a pendulum  rod  is 
thicker  in  summer  than  in  winter,  but  it  is  not  the  same  with  regard 
to  its  length,  as  we  shall  see  in  the  following  chapter ; moreover,  if 
it  is  wanted  to  know  how  much  a given  metal  rod  becomes  thicker 
or  broader  by  such  a degree  of  heat,  it  is  only  necessary  to  compare 
its  extent  to  that  of  the  same  rod  in  our  table,  and  the  extension  of 
the  demanded  dimension  may  easily  be  ascertained.  See  Essai  sur 
V Horlogerie , par  M.  Berthoud.  Tome  second , Seconde  Partie. 
No.  1686.  Anno  1763. 

Late  experiments  made  by  Messrs  de  Luc  and  Dalby,  from  the 
freezing  point  32,  to  the  boiling  point  of  212  of  Fahrenheit’s  ther- 
mometer, the  unit  a 10,000th  part  of  an  inch, 

The  results  were  as  follows: 

Glass.  Platinum.  Blistered  Steel.  Iron.  Brass  wire. 
.0083  .0087  .0112  .0126  .0194 

Zinc.  Hammered  Zinc.  Mercury. 

.0296  .0308  .1835 

If  we  take  the  expansive  ratio  of  brass  at  80.  and  steel  at  49.575 
as  given  by  Mr  Troughton.  Then  Mr  Smeaton’s  would  be  80.55, 
and  47.912,  and  General  Roy’s  would  be  78.95,  and  47.7.  Mr 
Troughton’s  pyrometer  being  so  extremely  nice  or  sensible  in  its 
operations,  that  the  proportion  of  brass,  80,  to  steel,  49.575,  may  be 
the  nearest  and  best  we  can  fix  on. 

Some  estimate  may  be  formed  of  the  advantages  of  a compensation 
pendulum,  by  comparing  the  going  of  a clock,  which  had  one  of  Elli- 
cott’s  construction,  with  that  which  had  none,  as  shown  in  a letter 
from  Mr  Bliss  at  Oxford,  dated  12th  July  1752,  to  Mr  Short  in 
London,  who  says,  “ I find,  upon  examining  my  book,  that  the  great- 
est difference  in  the  going  of  the  clock,  between  the  coldest  weather 
of  the  two  last  winters,  and  the  hottest, weather  of  the  two  last  sum- 
mers, is  no  more  than  one  second  a day  ; and  this  was  occasioned  by 
the  levers  being  made  too  short,  of  which  I advised  Mr  Ellicott  above 
a year  since  : whereas  a clock  with  a simple  pendulum  with  a brass 
rod,  made  by  Mr  Graham,  and  which  belongs  to  Dr  Bradley,  in  the 
coldest  weather  lost  above  fifteen  seconds  per  day,  and  in  the  warm- 
est gained  above  thirteen  seconds  per  day,  and  went  very  near  the 
equal  time  in  temperate  weather.”  It  is  plain  that  Mr  Bliss 
must  have  meant  gained  in  the  coldest  weather,  and  lost  in  the  hot- 
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test,  otherwise  there  would  be  no  analogy  with  the  effect  of  the  tem- 
perature in  summer  and  in  winter  on  the  brass  rod  of  the  pendulum. 
The  pendulum  ball  resting  by  its  lower  edge  on  the  regulating  nut  as 
it  usually  does,  the  expansion  of  the  lead  in  it  upwards,  surely  could 
not  operate  so  much  against  the  brass  rod  as  to  make  the  clock  go  fast 
in  summer,  nor  its  contraction  downwards,  so  much  so  as  to  make  it  go 
so  very  slow  in  winter.  Perhaps  this  may  have  been  the  case  agree- 
ably to  Mr  Bliss’s  account  of  the  matter.  See  Description  of  Two 
Methods , &c.  by  John  Ellicott,  F.R.S.  published  1753. 

Graham  was  the  first  who  thought  of  making  a pendulum  rod  that 
should  counteract  the  effects  of  heat  and  cold,  by  a combination  of 
rods  or  wires  of  different  metals,  such  as  brass,  silver,  steel,  &c.  but  had 
never  put  it  in  execution,  thinking  they  would  not  be  effectual  enough 
in  their  operations:  this  was  about  the  year  1715.  It  occurred  to  him 
at  that  time,  that  mercury,  from  its  great  expansion  by  heat,  would 
be  more  adequate  to  the  end  he  was  in  pursuit  of.  Having  made  a 
pendulum  on  this  principle,  it  was  applied  to  a clock  and  set  a-going. 
In  the  Philosophical  Transactions , No.  392,  it  is  described  in  a paper 
which  was  given  into  the  Royal  Society,  1726.  He  says,  “ The  clock 
was  kept  constantly  going  without  having  either  the  pendulum  or  the 
hands  altered,  from  the  9th  of  June,  1722,  to  the  14th  of  November, 

1 725,  being  three  years  and  four  months.”  Somewhile  previous  to 

1726,  Harrison,  living  at  Barrow,  in  Lincolnshire,  was  engaged  in 
making  experiments  on  brass  and  steel  rods,  when  he  produced  what  is 
now  called  the  Gridiron  Pendulum.  See  Ellicott’s  pamphlet,  already 
quoted.  For  a very  extensive  table  of  the  dilatation  of  solids  by  heat, 
see  Dr  lire's  Chemical  Dictionary. 


CHAPTER  XVIII. 

Grahams  Mercurial  Pendulum. 

The  mercurial  pendulum  invented  by  Graham,  having  been  the 
first  that  was  applied  to  a clock,  for  the  purpose  of  compensation,  we 
shall  begin  with  the  description  of  it,  taking  the  others  nearly  in  the 
order  of  their  invention.  This  pendulum  consists  of  a steel  rod,  at 
the  lower  end  it  carries  a large  glass  jar  filled  with  mercury,  so  that 
the  expansion  or  contraction  of  the  rod  may  be  counteracted  by  the 
opposite  expansion  or  contraction  of  the  mercury.  To  make  this  pen- 
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d ulum  in  the  way  which  has  hitherto  been  adopted,  is  attended  with 
considerable  trouble,  from  the  nature  of  the  material.  The  construc- 
tion of  such  a pendulum  must  always  be  troublesome,  because  any 
addition  to,  or  abstraction  of  the  mercury  from  the  hollow  cylinder  or 
glass  jar,  to  bring  about  the  compensation,  will  cause  a change  of  place 
with  the  index  point  on  the  graduated  arch  or  index  plate;  if  such  a 
thing  is  used.  A pendulum  which  will  remedy  this,  shall  be  after- 
wards described;  in  the  meantime,  we  shall  proceed  to  give  a more 
detailed  description  of  such  as  have  been  commonly  made. 

The  length  of  the  pendulum  over  all,  from  the  bottom  of  the  sole 
to  the  upper  end  of  the  pendulum  spring,  is  about  43-95  inches;  the 
inside  bottom  of  the  jar  -6  of  an  inch  from  the  under  side  of  the  sole, 
the  height  of  the  column  of  mercury  in  the  jar,  about  7*47  inches. 
From  the  upper  end  of  the  pendulum  spring,  take  a length  of  39*2 
inches  on  the  pendulum  downwards,  then  43*95  inches — 39*2  -f‘6 
will  give  that  part  of  the  column  of  mercury,  below  the  centre  of 
oscillation,  equal  to  4*15  inches,  and  that  above  the  centre  3*32 
inches.  The  height  of  the  jar  outside  7*8  inches,  inside,  7*6  inches; 
mean  diameter  inside,  2*018  inches,  weight  7*5  ounces.  Although 
it  would  be  still  better  to  have  it  of  a less  weight,  yet  it  is  doubtful 
if  it  would  then  be  strong  enough  to  support  such  a column  of  quick- 
silver. The  weight  of  the  stirrup  or  jar  frame,  1 lb.  6 ounces ; if 
we  take  2*55  ounces  from  the  brass  sole,  and  from  the  top,  3*45 
ounces,  making  6 ounces  in  all,  leaving  for  weight  of  the  stirrup 
1 lb.  The  clock  when  set  a-going,  (with  the  pendulum  the  same 
length  as  before,)  after  taking  this  quantity  of  weight  from  the  stir- 
rup, went  slow,  at  the  rate  of  46  seconds  in  24  hours,  and  when 
shortened  by  setting  up  the  regulating  nut,  it  was  found  to  be  .15  of  an 
inch  less  than  the  former  length. 

The  length  of  the  stirrup  bars  outside,  including  sole  and  part  of 
the  top,  8*125  inches,  breadth  from  outside  of  the  bars,  3*25  inches; 
thickness  of  the  pendulum  rod  and  stirrup  bars,  0.136  of  an  inch  ; 
breadth  0.384  of  an  inch;  thickness  of  the  sole  outside,  0.515  of  an 
inch;  length  from  bottom  of  the  sole  to  the  upper  side  of  the  jar- 
cover,  8.187  inches;  jar  bottom  sunk  into  the  sole  near  to  0.25  inch ; 
from  upper  side  of  jar-cover,  to  under  side  of  stirrup  top  1.25  inch  ; 
height  oi  stirrup  top  from  flat  part  of  pendulum  rod,  1.75  inch; 
thickness  of  the  flat,  0.220  inch ; diameter  of  the  regulating  screw, 
0.218  inch  ; that  of  the  nut,  1.150  inch.  The  screw  contains  36.25 
turns  in  an  inch,  the  nut  divided  into  30  prime  divisions,  each  being 
equal  to  one  second  a day,  the  prime  divisors  subdivided  into  four. 
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Length  of  stirrup  bars  inside  - 

Thickness  of  sole  outside  - 

Length  of  stirrup  top  - 

From  the  stirrup  top  to  the  upper  end  of  pendulum  spring 


inches. 

- 8.05 

- 0.515 

- 1.75 

33.485 


Length  of  the  pendulum  over  all  - - 43.800 

Length  of  pendulum  spring  - .625 

Breadth  of  the  double  laminae,  including  .164,  the  soace 

between  them,  each  laminae  .168  - - - .500 

Thickness  of  ditto  - - .007 


lb. 

Weight  of  quicksilver  in  the  jar  - - 11 

Ditto  of  the  stirrup  frame  - 1 

Pendulum  rod  and  spring,  regulating  nut,  jar,  cover,  &c.  0 
Jar  - - - - - <-  0 


oz.  dr. 


12  5.35 
0 0 

13  0 
7 8 


Total  weight  of  pendulum  - - - 14  013. 35 

Before  the  pendulum  was  altered,  the  rate  of  the  clock  showed, 
that  the  compensation  was  not  sufficiently  effective,  although  the 
height  of  the  column  of  mercury  was  nearly  7.5  inches,  the  jar  being 
about  full,  allowed  no  more  to  be  put  in : reducing  the  weight  of  the 
jar  frame  or „ stirrup,  required  the  rod  to  be  shortened,  as  has  been 
stated,  .15  of  an  inch,  whether  this  is  enough,  remains  to  be  deter- 
mined. The  daily  rate  for  a month  or  six  weeks,  was  0.1  second 
slow  when  the  temperature  was  from  36  degrees  to  40  degrees  of 
Fahrenheit’s  thermometer,  and  got  gradually  slower  as  the  height  of 
the  thermometer  increased;  between  60  and  66  degrees,  the  daily  loss 
was  from  0.37  to  0.45  second;  for  about  two  weeks,  when  the 
weather  was  extremely  cold,  the  thermometer  at  the  freezing  point 
and  under,  the  clock  showed  a tendency  of  rather  gaining. 

Of  late  years,  the  mercurial  pendulum  has  been  adopted  in  some 
astronomical  clocks,  and  on  the  whole,  seems  to  have  answered  very 
well.  The  author  of  the  Elements  of  Clock  and  Watch  Work, 
thought,  that  it  was  not  fit  for  this  purpose,  being  too  quick  in  its  ope- 
rations of  expansion  and  contraction  ; but  if  the  cover  is  well  fitted 
to  the  top  of  the  jar,  we  can  venture  to  say,  from  the  resistance 
made  by  glass  to  changes  of  temperature,  that  the  operations  will 
be  too  slow  ; and  for  this  reason,  it  is  proposed  to  make  such  a 
pendulum,  with  a thicker  rod,  and  stirrup  bars,  that  they  may  not 
take  heat  and  cold  too  readily.  A steel  jar  would  perhaps  answer 
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the  end  as  well  as  any  other  contrivance;  but  some  would  object  to 
this  on  account  of  the  danger  of  magnetism;  but  even  a jar  of  this 
kind,  from  its  being  made  thin,  (for  it  would  be  heavy  were  it  as  thick 
as  the  glass  one,)  would  be  easily  affected  by  changes  of  temperature, 
and  mercury  being  still  more  susceptible  of  these  changes,  the  opera- 
tions of  counteracting  the  effects  of  them  might  be  too  sudden.  But 
perhaps,  if  the  glass  jar  had  an  external  coating  of  tin  foil,  similar  to 
the  lining  of  the  Leyden  Phial,  or  some  other  coating,  the  irradia- 
tions of  heat  from  the  polished  surface  of  the  glass  would  be  lessened, 
and  the  operations  of  the  change  of  temperature  might  be  sufficiently 
quick  without  being  too  rapid.  It  is  of  the  greatest  importance, 
that  a pendulum  rod  should,  with  the  smallest  quantity  of  matter, 
be  as  stiff  and  inflexible  as  possible ; and  although  it  was  proposed 
to  have  thicker  bars  and  rods,  let  us  suppose  the  same  quantity  of 
matter  is  taken  as  before,  but  under  a circular  in  place  of  a rectan- 
gular surface.  It  must,  in  this  form,  require  more  time  to  get  heated 
and  cooled,  which  is  the  end  we  now  attempt  to  gain,  the  sides  of 
the  parallelogram  were  .384,  and  .136  of  an  inch,  the  product  of 
which  two  numbers,  gives  .0522224  of  an  inch  for  the  area  or  super- 
ficies of  the  parallelogram.  To  find  the  diameter  of  a cylindrical 
rod,  whose  circumference  should  contain  a superficies  equal  to  that  of 
the  parallelogram,  divide  .052224  by  .7854,  and  extract  the  square 
root  of  the  quotient,  which  will  give  .258  of  an  inch,  very  nearly,  as 
the  diameter  of  the  rods,  for  .2582  x.7854=.0522793 656. 

Let  the  improved  jar-fraine,  or  stirrup,  therefore,  be  composed  of  two 
round  steel  rods,  .258  of  an  inch  in  diameter,  and  8.85  inches  in 
length,  from  shoulder  to  shoulder,  at  each  of  which  pivots  are  formed; 
those  for  the  upper  ends  should  be  a quarter  of  an  inch  long, 
and  about  .190  of  an  inch  in  diameter,  tapped  so  as  to  screw  firm  into 
the  upper  brass  cross  piece,  the  distance  from  the  centres  of  the  tap- 
ped holes  in  the  traverse  or  cross  piece,  requires  to  be  2.8  inches,  in 
order  to  give  freedom  for  the  jar  between  the  rods;  the  length  of 
the  cross  piece  over  all  should  be  3.3  inches,  and  its  breadth  at  the 
places  where  the  rods  are  screwed  in  .450  of  an  inch.  At  the  middle, 
a circular  part  is  formed,  .5  of  an  inch  in  diameter,  in  the  centre  of 
which  a hole  is  tapped,  by  which  the  regulating  screw  may  raise  or 
lower  the  jar-frame  without  changing  the  place  of  the  index  point. 
The  cross  piece  may  be  either  brass  or  steel,  though  the  latter  is  per- 
haps preferable;  the  pivots  on  the  lower  end  of  the  rods  may  be  of 
the  same  diameter,  as  those  on  the  upper  end,  but  a little  longer,  and 
tapped  a little  way  in  on  the  ends,  when  well  fitted  into  the  lugs  of 
the  brass  sole,  on  which  the  jar  rests,  and  sunk  a little  way  down 
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into  it : nuts  are  screwed  on  to  the  ends  of  the  pivots,  and  sunk  into 
the  lower  side  of  the  brass  sole,  care  must  be  taken  to  have  the  dis- 
tance between  the  centres  of  the  holes  in  the  sole,  the  same  as  in  the 
cross  piece,  so  as  to  make  the  rods  stand  parallel  to  each  other.  To 
go  outside  of  the  frame  just  now  described,  another  is  made  to  which 
is  attached  the  pendulum  rod,  the  regulating  nut,  and  lower  sole,  in 
which  is  fixed  the  small  steel  index,  which  cannot  change  its  place 
after  being  properly  adjusted  to  it.  The  upper  cross  piece  for  this 
may  be  of  the  same  thickness  as  the  former,  and  in  length  not  less 
than  4 inches,  a hole  is  tapped  near  to  each  of  the  ends,  and  their 
centres  are  distant  from  one  another  3.56  inches  nearly,  and  are  wide 
enough  to  allow  a round  steel  rod  of  .23  of  an  inch  in  diameter,  to 
pass  freely  through;  the  length  of  these  rods,  from  the  lower  side  of 
the  cross  piece  to  the  upper  side  of  lower  sole,  is  nearly  10.6  inches. 
The  lower  sole  may  be  a brass  wheel,  crossed  into  four,  the  centre  part 
being  large  enough  to  have  a hole  tapped,  so  as  to  fix  the  steel  index 
in  it,  the  diameter  of  the  wheel  is  the  same  as  the  length  of  the 
upper  cross  piece,  which  is  4 inches,  and  the  thickness  .25  of  an  inch, 
or  a little  more,  this  sole  in  which  the  index  is  fixed,  serves  also  as  a 
resting  part  for  the  pendulum,  when  it  happens  to  be  taken  from  its 
place.  The  upper  end  of  the  rods  is  formed  into  a sort  of  double 
shouldered  screw,  the  tapped  part  is  a little  more  than  a quarter  of 
an  inch  long,  and  something  less  in  diameter ; the  length  of  the  plane 
and  tapped  part  of  the  screw  is  about  .7  of  an  inch,  and  when  screwed 
into  the  upper  cross  piece,  it  bends  to  it;  the  lower  end  of  the 
pendulum  rod,  which  is  formed  something  like  an  inverted  and  com- 
pressed having  lugs  or  soles,  through  which  the  screws  for  fix- 

ing it  pass.  The  regulating  screw  has  an  untapped  or  plain  part, 
which  turns  freely  in  a hole,  in  the  middle  of  the  upper  cross  piece, 
formed  in  the  same  way  as  the  upper  cross  piece  for  the  jar-frame ; 
the  nut  or  head  of  the  regulating  screw,  is  shaped  so  as  to  lie  under 
the  hollow  of  the  at  the  lower  end  of  the  pendulum  rod,  and  on 
the  upper  side  of  the  cross  piece ; the  lower  ends  of  the  rods  of  the 
outside  frame  are  gently  tapered,  and  fitted  into  holes  in  the  brass 
wheel,  through  the  edge  of  which  are  put  pins  to  fix  them  and  the 
wheel  together,  this  outside  frame  has  no  part  in  the  compensation  ; 
the  brass  cover  for  the  jar  has  the  lugs  hollowed  out  a very  little,  so 
as  to  come  in  on  the  rods  of  the  jar-frame ; the  ends  of  the  upper  tra- 
verse of  which,  as  well  as  the  lugs  of  the  jar  sole,  are  hollowed,  and 
take  in  with  a part  of  the  rods  of  the  outside  frame,  along  which,  the 
jar  frame  is  moved  up  and  down.  The  height  of  the  glass  jar  out- 
side, is  about  8 inches,  and  its  weight  and  other  dimensions  nearly 
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the  same  as  those  stated  for  the  former  pendulum,  and  the  diameter 
of  the  rod  and  part  is  .258  of  an  inch. 

A view  of  the  improved  mercurial  pendulum  is  given  in  Plate  XV. 
No.  69.  a b is  the  pendulum  rod,  c c,  d d,  the  stirrup  or  frame,  within 
is  the  frame  for  the  jar  e f and  h h are  the  soles  for  the  jar  and  for  the 
pendulum ; g is  the  index  which  serves  to  show  by  the  graduated  plate, 
fixed  to  the  inside  of  the  clock-case,  the  number  of  degrees  and  minutes 
swung  out  by  the  pendulum,  S the  regulating  screw,  and  i,  the  jar  cover. 

Philosophers  seem  not  to  be  agreed  respecting  the  expansion  of 
mercury,  in  comparison  with  that  of  other  metals,  some  making  it  15 
times,  others  16  times  greater  than  that  of  iron. 

In  regard  to  the  column  of  mercury  for  a mercurial  pendulum,  some- 
thing depends  on  its  diameter  as  well  as  height ; suppose  the  length 
of  steel  to  be  43  inches,  and  the  column  of  mercury  7.5  inches 
in  height,  and  2 inches  in  diameter,  which  were  the  dimensions 
used  in  a pendulum,  brought  nearly  to  its  state  of  compensation;  we 
may  then  find  how  many  times  the  expansion  of  this  column  is  con- 
tained in  the  43  inches.  Say,  as  43  inches  is  to  74,  the  expansive 
ratio  of  steel,  so  is  7.5  inches  of  mercury  to  its  expansion  for  com- 
pensating steel. 


Length  of  steel  43  inches 

Ratio  74  ----- 

loir. 

O 

log. 

1.6334685 

1.8692317 

3.5027002 

Height  of  column  of  mercury  7.5  inches 
Ratio  424.26  - - 

log. 

log;. 

O 

0.8750613 

2.6276369 

3.5027002 

By  this  process,  it  appears  that  the  expansion  of  mercury  is  not 
quite  5.75  times  that  of  steel.  A pendulum,  whose  vibrations  are 
three  or  four  degrees  on  each  side  of  the  point  of  rest,  will  require  a 
column  less  in  height,  than  that  which  vibrates  only  one  degree; 
hence  it  is  a very  nice  matter  to  give  precise  rules  for  making  a mer- 
curial pendulum,  that  shall  at  once  be  at  the  point  of  perfect  com- 
pensation. 

If  the  steel  rod  a b , and  rods  of  the  jar  frame  of  a mercurial  pen- 
dulum, are  lengthened  by  heat,  the  jar  e /,  containing  the  mercury, 
will,  from  this  cause  be  let  lower  down,  and  the  centre  of  oscillation 
be  carried  farther  from  the  point  of  suspension;  but  the  heat  which 
lengthens  the  rod  will  at  the  same  time  expand  the  mercury  upwards, 
and  by  this  means  the  centre  of  oscillation  is  kept  always  at  the  same 
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distance  from  the  point  of  suspension.  When  the  rods  are  contracted 
or  shortened  by  cold,  the  mercury  will  also  be  contracted  by  it,  and 
hence  the  lengthening  or  shortening  of  the  pendulum  rod,  by  heat  or 
cold,  is  compensated  by  equal  and  opposite  expansions  or  contractions 
of  the  mercury. 

The  mercurial  pendulum  at  the  clock  in  the  Royal  Observatory  of 
Edinburgh,  had  (after  two  adjustments  being  made  for  compensation,) 
about  87600  grains  Troy  in  the  glass  jar,  say,  151b.  2oz.  lOdwt.  Troy 
(about  12ilbs.  avoirdupois.)  The  height  of  the  column  of  mercury 
about  7.4  inches,  and  diameter  about  2.037  inches. 

Gridiron  Pendulum. 

M.  Lalande,*  on  taking  notice  of  clocks  fitted  for  the  use  of 
astronomers,  says,  “ Pendulum  rods  which  consist  only  of  a single  bar 
of  iron,  will  lengthen  about  one-fifth  of  a line,  nearly  the  .0178  of  an 
English  inch , for  30  degrees  of  Reaumur’s  thermometer,  so  that  being 
regulated  in  summer,  the  clock  will  gain  in  winter  20  seconds  a day. 
It  is  then  important  for  astronomers  to  have  the  pendulum  rod  com- 
posed in  such  a way  as  to  correct  this  expansion  and  contraction  of 
metals;  several  methods  for  this  purpose  will  be  found  in  books  just 
now  quoted;  see  that  of  the  Gridiron , contrived  by  Harrison  about 
the  year  1726,  and  which  is,  without  doubt,  the  best  of  all  those  that 
have  been  proposed.  Graham  made  up  one  of  them,  in  1740,  for  the 
Earl  of  Macclesfield;  most  of  the  clocks  for  astronomers  are  fitted  up 
on  this  principle.  M.  Lepaute,  M.  Berthoud,  M.  Robin,  and  M. 
Janvier,  at  Paris,  have  made  a great  number  of  them,  and  they  answer 
the  end  in  the  most  complete  manner. 

The  gridiron  pendulum  is  composed  of  nine  round  rods,  five  of  which 
are  made  of  steel,  and  four  of  brass,  and  is  represented,  No.  70,  Plate 
XV,  where  the  steel  rods  are  distinguished  from  the  brass  ones  by 
a darker  shade.  As  it  somewhat  resembles  the  common  gridiron  in 
appearance,  it  hence  probably  received  its  present  name.  Not  many 
years  after  this  was  produced,  the  French  artists  contrived  a variety 
of  compensation  pendulums,  but  the  gridiron  seems  to  be  the  one  now 
generally  adopted  by  them.  The  first  pendulum  of  this  kind  which  we 
made  was  nearly  40  years  ago;  and  knowing  that  Mr  Cumming  had 
some  practice  in  this  way,  he  was  applied  to,  and  very  obligingly  sent 
a drawing,  and  the  different  lengths  for  the  brass  and  steel  rods,  which, 
on  being  tried  for  some  years  afterwards,  was  found,  on  the  whole, 
to  be  tolerably  correct;  but  not  quite  so  accurate  in  the  compen- 

* M.  Lalande  lost  an  excellent  astronomical  clock  by  allowing  it  to  go  ten  years  without 
cleaning  or  even  giving  it  fresli  oil. 
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sation  as  could  have  been  wished.  From  an  abstract  of  the  going  of 
a clock  with  this  pendulum,  it  appeared,  that,  during  the  temperature 
from  46  to  48  degrees  of  Fahrenheit’s  thermometer,  it  kept  mean  time. 
A temperature  ten  degrees  lower,  made  the  clock  gain  at  the  rate  of 
nearly  half  a second  in  a day,  and  10  degrees  higher,  (that  is  about 
58°)  made  the  clock  lose  about  as  much. 

The  lengths  of  the  rods  were,  outside  steel  rods  from  pin  to  pin, 
29.  5 inches;  middle  steel  rod  from  upper  end  of  the  pendulum  spring 
to  the  pin  at  the  lower  end,  31.5  inches;  inside  rods  from  pin  to  pin, 

24.5  inches;  from  the  pinning  of  the  lower  end  of  the  outside  steel 
rods  to  the  centre  of  the  ball,  five  inches;  making  in  all  90.25  inches 
of  steel,  to  be  compensated  by  the  brass.  Outside  brass  rods  from 
pin  to  pin,  26.87  inches;  inside  ditto,  22.25  inches,  being  in  all  49.12 
inches  of  brass.  The  length  which  the  brass  ought  to  have,  may 
thus  be  found  by  the  inverse  rule  of  proportion.  As  90.25  inches, 
is  to  74,  the  number  for  the  expansion  of  steel,  according  to  Berthoud, 
so  is  121  that  of  the  expansion  for  brass,  to  the  length  of  brass 
required;  that  is,  90.25  X 74  -5- 121  = 49.4  inches,  the  length  required. 
Although  the  deficiency  of  brass  here  is  very  little,  yet,  to  remedy 
the  compensation,  a greater  number  of  inches,  both  of  brass  and  steel, 
must  be  taken,  before  this  pendulum  can  be  made  complete.  A des- 
cription of  such  a one  shall  now  be  given. 

The  length  of  the  outside  steel  rods  from  pin  to  pin,  in  the  upper- 
most and  lowermost  traverses  of  brass  cross  pieces,  a,  b , c cl , is  36 
inches,  the  next  or  innermost  steel  rods,  from  their  pinning  in  the 
second  uppermost  traverse  m , to  that  in  the  second  lowermost  n,  is  35 
inches ; the  steel  centre  rod  from  the  pinning  of  it,  in  the  third  lower- 
most traverse  o , to  the  upper  end  of  the  pendulum  spring,  is  37.625 
inches,  or  37  inches  and  f of  an  inch,  the  centre  c of  the  ball  below 
the  pinning  of  the  outside  steel  rods  and  index  rod,  is  3.94  inches; 
the  outermost  brass  rods  from  their  pinning  in  the  uppermost  tra- 
verse to  that  in  the  second  lowermost,  is  the  smallest  quantity  possi- 
ble less  than  35.5  inches;  the  innermost  brass  rods  from  their  pin- 
ning in  the  second  uppermost  traverse  to  the  third  lowest  one,  is 

34.5  inches.  The  whole  length  of  the  steel  is  then  112.568  inches, 
and  that  of  the  brass  71  inches.  The ’diameter  of  the  rods  about  one 
quarter  of  an  inch,  the  brass  rods  a little  more  in  diameter  than  the 
steel;  the  proportions  may  be  as  25  is  to  28.  The  distance  from  the 
centres  of  the  two  outside  steel  rods  is  2.5  inches,  the  rods  are  placed 
equi-distant  from  one  another,  only  there  is  a little  more  space  left 
between  the  two  brass  rods  nearest  the  middle  steel  rod,  in  order  to 
give  room  for  the  fork  to  come  in  and  clip  the  middle  steel  rod.  The 
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two  outside  steel  rods  are  prolonged  below  their  pinning  in  the  lowest 
traverse,  as  seen  below  c d , about  5 or  6 inches  within  the  ball,  in 
order  to  keep  it  properly  flat  in  the  plane  in  which  the  pendulum 
should  swing.  In  the  middle  of  the  lowest  traverse  c d , is  pinned  a 
steel  rod  e f somewhat  more  than  a quarter  of  an  inch  in  diameter, 
and  about  nine  inches  long,  this  rod  goes  through  the  diameter  of  the 
ball  equal  portions  being  round  it,  the  lower  end  /is  formed  into  a 
taper  and  sharp  point  as  an  index  for  the  degree  plate,  fixed  to  the 
inside  back  of  the  case,  and  for  four  inches  or  so  below  the  upper  end ; 
it  is  tapped  at  that  part  which  lies  near  to  the  centre  of  the  ball.  A 
thin  cross  piece  of  brass  is  fixed  to  the  inside  of  the  ball  before  filling 
it  with  lead,  the  lowest  side  of  which  is  in  a line  across  the  centre 
horizontally;  the  ends  of  the  two  outer  steel  rods  and  the  centre  or 
inner  rod,  pass  easily  through  this  cross  piece  of  brass  : a hollow  tube 
comes  up  within  the  ball  as  far  as  the  under  side  of  the  inside  cross 
piece,  on  the  end  of  which,  where  the  cross  piece  and  ball  rest, 
is  fixed  within  it  a tapped  nut,  which  screws  upon  the  tapped  part  of 
the  index  rod.  On  the  lower  end  of  the  tube  is  soldered  a sort  of  flat 
conical  head  /j,  milled  on  the  edge  outside,  whose  diameter  may  be  an 
inch,  or  an  inch  and  a quarter.  On  the  upper  surface  of  this  nut  are 
traced  two  circles,  in  order  to  put  divisions  between  them,  and  figures 
so  as  to  correspond  with  the  turns  of  the  screw  in  an  inch.  A small 
steel  index  c is  screwed  on  to  the  lower  part  of  the  ball  to  point  at  these 
divisions ; the  lower  end  of  the  tube  is  a little  below  the  edge  of  the 
ball,  that  it  may  rest  freely  on  the  upper  end  of  the  tube.  The  total 
length,  from  the  upper  end  g of  the  pendulum  spring  to  the  index 
point  / is  47.75  inches,  a length  of  radius  which  will  require  the 
length  of  a degree  on  the  degree  plate,  to  be  .833142  of  an  inch. 
The  distance  from  the  upper  end  of  the  pendulum  spring  to  the 
centre  of  the  ball  is  42.5  inches  very  nearly,  so  that  the  centre  of 
the  ball  is  about  3.3  inches  below  the  centre  of  oscillation.  The 
lowermost  traverse  c d , may  be  about  half  an  inch  thick,  and  its 
length  and  breadth  such  as  to  give  it  sufficient  strength  to  receive 
the  outside  steel  rods,  and  the  centre  or  index  rod  ; the  uppermost 
traverse  a b is  nearly  of  the  same  dimensions  ; the  second  lower- 
most traverse  w,  and  the  second  uppermost,  m,  are  nearly  of  the 
same  size,  and  almost  equal  to  that  of  the  uppermost  and  lowermost, 
only  they  are  a little  shorter,  having  in  their  ends  a sort  of  half  hole, 
through  which,  in  the  second  lowermost  traverse,  the  outer  steel  rods 
pass  easily,  and  through  these  in  the  uppermost  traverse,  the  out- 
side brass  rods  freely  pass.  This  traverse  is  of  course  a little  shorter 
than  the  second  lowermost;  in  the  second  lowermost  traverse  are 
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pinned  the  ends  of  the  outermost  brass  rods ; and  in  the  second  upper- 
most traverse  are  pinned  those  of  the  innermost  steel  and  brass  rods: 
in  the  third  lowest  traverse  is  pinned  the  innermost  brass  rods,  and 
the  centre  steel  rod;  the  dimensions  of  this  is  nearly  the  same  as 
the  second  uppermost  and  lowermost,  only  shorter,  having  a half 
hole  at  the  ends,  through  which  the  inner  steel  rods  pass  freely. 
There  is  a hole  in  each  of  the  two  uppermost  traverses,  through  which 
the  centre  rod  passes  freely.  Towards  the  lower  ends  of  the  centre 
steel  rod,  and  those  of  the  innermost  brass  rods,  are  two  sets  of  holes, 
by  which  the  third  or  upper  of  the  lower  traverses  can  be  moved  or 
shifted  up  three  or  six  inches  ; should  the  compensation  be  found  in 
excess.  It  would  be  convenient  when  shifting,  to  have  a piece  similar  to 
this  traverse,  and  three  spare  pins,  this  piece  being  like  a half  of  the 
traverse,  it  may  then  be  applied  to  the  three  rods  and  pinned,  but  not 
to  the  place  where  the  shifting  is  to  be  made;  this  piece  will  prevent 
the  rods  shifting  away  from  one  another,  and  will  allow  the  traverse 
to  be  moved,  and  fixed  to  the  intended  place. 

Two  thin  pieces  of  brass,  p q,  r s,  must  be  provided,  having  nine 
holes  in  them,  so  that  all  the  rods  can  move  easily  through  them,  the 
two  outermost  being  kept  rather  a little  tighter  than  the  others,  these 
pieces  are  intended  to  prevent  tremulous  motion  in  the  rods  or  pen- 
dulum, and  are  put  at  the  same  distance  from  the  upper  and  lower 
traverses,  as  seen  No.  70.  The  pendulum  ball  is  composed  of  two 
frustrums  of  equal  cones,  the  greater  diameter  is  seven  inches,  the 
lesser  four  inches,  and  the  height  half  an  inch,  giving  by  calculation, 
24.3474  cubic  inches,  the  weight  of  which  in  lead  is  9.997  lbs.  The 
ball,  when  filled  with  lead,  together  with  the  outside  brass  shells  and 
inside  cross  piece,  weighed  10  lbs.  8 oz.  The  weight  of  the  brass  and 
steel  rods,  traverse  pieces,  pendulum  spring,  and  top  piece,  &c.,  was 
5 lbs.  18  oz.;  in  all  16  lbs.  5 oz.  The  clock  to  which  this  pendulum 
was  put  was  a month  one,  and  was  kept  going  by  a weight  of  7 lbs.  7 
oz.  W e cannot  help  thinking,  that  this  pendulum  appears  to  be  better 
fitted  up  than  either  Cumming’s  or  Berthoud’s. 

The  third  lowest  traverse  being  shifted  up  three  inches,  there  will 
then  be  this  quantity  less  for  brass  and  steel  than  has  been  before 
stated,  the  steel  will  be  36  -f  35  + 37.628  + 3.94 — 3 = 109.568  inches, 
and  the  longest  brass  rods  may  be  taken  at  35.49  .+  34.5 — 3 = 66.99. 
Their  lengths  and  expansive  ratios  may  be  given  thus: 
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Steel  109.568  inches,  - 
Ratio  74,  - 


Brass  66.99  inches, 
Ratio  121, 


log. 

2.0396838 

log. 

1.8692317 

3.9089155 

log. 

1.8260100 

lo2\ 

o 

2.0827854 

3.9087954 

The  difference  in  excess  of  compensation  is  here  extremely  little, 
and  is  on  the  side  of  the  steel  rods,  being  scarcely  an  inch  too  much. 
In  taking  into  account  the  length  of  the  rods,  those  on  one  side  along 
with  the  centre  rod  are  only  taken ; those  on  the  other  side  serve  as 
a kind  of  counterpoise,  for  giving  an  appearance  of  uniformity  to  the 
pendulum,  and  for  preventing  the  weight  of  the  pendulum  ball  from 
bending  the  rods,  which  it  would  do  were  they  all  on  one  side.  The 
manner  of  compensation  may  be  thus  explained:  The  steel  rods  go 
downwards  when  expanded  by  heat,  and  the  brass  rods  from  the  like 
cause,  go  upwards,  and  thus  counteract  the  effect  of  heat  on  the 
length  of  the  pendulum.  A degree  of  cold  will  contract  or  shorten 
the  steel  rods;  this  will  tend  to  bring  the  ball  of  the  pendulum  up, 
but  the  brass  rods  contracting  at  the  same  time,  allow  the  ball  to  go 
downwards,  by  which  the  effect  of  cold  on  the  length  of  the  pendulum 
is  counteracted;  so  that  whatever  the  temperature  is,  the  centre  of 
oscillation  keeps  always  at  an  equal  distance  from  the  point  of  sus- 
pension, and  hence  the  length  of  the  pendulum  is  constantly  and 
invariably  the  same.  The  comparative  lengths  of  brass  and  steel  rods 
may  be  computed  by  any  other  expansive  ratio  than  those  of  Berthoud, 
which  we  have  used,  such  as  those  by  Smeaton,  or  by  that  ingenious 
artist  Troughton.  Their  differences  will  vary  a little  from  Berthoud, 
but  they  will  be  very  trifling.  It  will  require  long  experience  to 
know  which  are  the  best  founded,  as  the  going  of  astronomical  clocks 
may  be  affected  by  other  causes  which  have  no  connection  with  the 
compensation  of  the  pendulum  rod. 

A considerable  time  after  the  gridiron  pendulum  was  produced, 
some  adopted  zinc  rods  in  place  of  brass,  and  from  their  greater  expan- 
sibility, fewer  were  required,  three  of  steel  and  two  of  zinc  being 
sufficient  for  the  compensation;  but  such  of  them  as  we  have  seen, 
appeared  to  have  the  zinc  rods  of  a greater  length  than  they  should 
have  been,  according  to  the  comparative  expansions  of  zinc  and  steel. 
They  had  also  a large  cavity  in  the  upper  part  of  the  ball  for  lodging 
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it  very  hot  to  prevent  it  flying  or  breaking;  hammering  makes  it 
have  more  expansibility,  but  whether  it  expands  as  much  as  Ward 
makes  it,  remains  to  be  determined. 

Ellicott' s Pendulum . 

Not  many  years  after  Harrison's  pendulum  was  known,  Mr  Ellicott, 
and  some  of  the  French  artists,  contrived  compensation  pendulums 
in  different  ways,  most  of  them  having  the  ball  adjustable  by  levers, 
which  can  never  be  equal  to  those  in  which  the  expansion  and  con- 
traction act  by  contact  in  the  direct  line  of  the  pendulum  rod.  Mr 
Ellicott  was  a very  ingenious  artist  of  the  old  school,  as  appears  from 
several  of  his  works;  and  his  pendulum  evinces  great  ingenuity  in  its 
construction. 

Ellicott’s  pendulum,  shown  in  plate  XV.  71.  consisted  of  two 
bars,  one  of  which  a b was  of  brass,  and  the  other  of  iron  or  steel. 
Mr  Cumming  conceived,  that  where  there  were  two  bars  only,  a 
flexure  and  unequal  bearing  would  take  place,  and,  therefore,  an 
exact  compensation  could  not  be  effected.  To  remedy  this,  he  con- 
structed the  pendulum  with  two  steel  bars,  and  one  bar  of  brass, 
as  shown  in  No.  3.  Into  the  lower  end  of  the  brass  bar  a b , 
No.  1.  was  let  one  half  of  the  diameter  of  a small  steel  roller  r,  the 
other  half  being  let  into  a movable  brass  piece,  having  two  short 
arms  1,  2.  These  arms,  by  the  levers  m o 2,  n o 1,  moving  round 
o o as  fulcra,  make  the  roller  press  equally  on  the  lower  end  of  the 
brass  bar.  The  steel  roller  marked  r,  has  a fillet  raised  up  on  each 
end  for  the  purpose  of  keeping  this  part  of  the  brass  bar  at  an  equal 
distance  from  the  steel  bars.  The  length  of  the  brass  bar  a b should 
be  39.25  inches  from  the  upper  end  which  is  square,  to  the  lower  end 
which  is  rounded;  its  breadth  three  quarters  of  an  inch,  and  its 
thickness  at  least  one-eighth  of  an  inch.  The  steel  bars  are  in 
length,  from  the  upper  square  ends  to  the  centre  of  the  ball,  nearly 
where  the  short  arms  of  the  levers  act  on  the  movable  brass  piece, 
about  39.75  inches;  and  the  bars  are  left  broader  here,  so  as  to  be 
about  one  inch  and  a quarter;  and  this  breadth  is  prolonged  below 
the  end  of  the  brass  bar  three  quarters  of  an  inch  or  more.  The 
thickness  of  the  steel  bars  is  one-tenth  of  an  inch,  and  their  breadth 
three  quarters.  The  back  steel  bar  has  no  opening  in  it;  but  the 
front  bar  has  one,  which  is  represented  in  the  drawing  at  A,  No. 
2.  In  order  to  see  the  action  of  the  levers  on  both  arms  of  the 
movable  brass  piece,  a cavity  s s,  71,  is  left  for  this  purpose  in 
the  ball.  A piece  of  glass  is  inserted  in  the  opening,  so  as  to  pre- 
vent dust  from  getting  into  this  part  of  the  pendulum.  This  broad 
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part  of  the  steel  bars  serves  as  a kind  of  frame,  on  which  are  screwed 
two  pieces  of  brass  of  the  same  figure  as  the  steel  bars,  to  connect 
them  with  that  steel  part  of  the  lower  end  of  the  pendulum  rod  which 
goes  through  the  ball,  on  which  is  a nut  and  screw,  and  a strong 
double  spring  s s in  71,  for  the  purpose  of  taking  off  somewhat 
of  the  weight  of  the  ball,  according  as  it  bears  too  much  or  too  little 
on  the  short  arms  of  the  levers.  The  levers  are  shown  at  71  and 
No.  1;  the  screws  and  lower  end  of  the  pendulum  rod,  the  nut 
N,  and  double  spring  S S,  in  71.  The  use  of  the  nut  and  screw 
is  to  adjust  the  strength  of  the  spring,  as  they  have  nothing  to  do 
in  the  regulation  of  the  pendulum  for  time  to  the  clock,  which  is 
done  by  an  apparatus  for  this  purpose  at  top  connected  with  the  pen- 
dulum spring.  In  the  brass  pieces  which  are  screwed  on  to  the  broad 
part  of  the  steel  bars,  the  pivots  o o of  the  levers  turn.  There  is  a 
piece  of  brass  put  on  at  top,  formed  so  as  to  interpose  a little  wray 
down  between  the  brass  bar  and  the  steel  ones,  keeping  them  at  a 
proper  distance  from  one  another.  The  sides  near  to  the  square  ends 
of  the  bars  and  this  piece  of  brass  are  firmly  pinned  or  screwed 
together.  It  is  in  this  piece  of  brass  that  the  lower  end  of  the  pen- 
dulum spring  is  fixed;  the  upper  end  being  fixed  to  a piece,  which  is 
movable  up  and  down  in  a fixed  frame  by  a nut  and  screw.  The 
pendulum  is  lengthened  or  shortened  according  as  the  pendulum 
spring  is  let  out  or  brought  within  that  part  of  the  frame  through 
which  the  spring  passes.  The  bars  of  the  pendulum  are  connected 
by  four  or  five  screws,  equal  spaces  being  taken  for  their  places 
between  the  centre  of  the  ball  and  the  square  or  upper  end  of  the 
bars.  The  back  bar  is  tapped  to  receive  the  screws,  which  go 
through  holes  made  in  the  front  steel  bar,  to  let  them  easily  pass. 
On  the  shank  or  body  of  the  screws  are  fitted  hollow  cylinders,  either 
of  brass  or  steel,  and  of  such  a length,  that  when  the  screws  are  put 
home  there  shall  be  no  pinching  of  the  front  steel  bar  by  the  head  of 
the  screws.  Rectangular  openings  are  made  in  the  brass  bar,  for  the 
hollow  cylinders  to  come  through,  whose  length  may  be  about  equal 
to  twice  the  diameter  of  the  cylinders,  and  so  that  the  brass  bar  may 
easily  move  on  them,  by  any  small  motion  they  may  have  in  contract- 
ing or  expanding.  On  each  of  these  cylinders  are  put  two  loose  brass 
collets  or  washers,  one  between  each  steel  bar  and  the  brass  bar,  to 
keep  them  free  of  each  other.  Their  thickness  should  be  at  least  .04 
of  an  inch,  so  as  to  allow  the  air  to  pass  freely  between  them.  The 
small  hollow  cylinders,  through  which  the  screws  pass  when  connect- 
ing the  bars,  should  go  easily  into  the  front  steel  bar,  the  lower  base 
bearing  on  the  inside  of  the  back  steel  bar.  The  upper  base  should 
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be  above  the  surface  of  the  front  bar,  fully  more  than  the  thickness 
of  strong  writing  paper,  so  that  when  the  screw  is  put  home,  the 
shoulder  of  it  may  not  pinch  the  bar.  The  edges  of  all  the  bars 
should  be  chamfered  off  from  each  side,  so  as  to  form  an  angle  in  the 
middle  plane  of  their  thickness,  for  the  purpose  of  giving  them  a 
lighter  appearance,  and  making  them  less  susceptible  of  the  resist- 
ance of  the  air.  The  diameter  of  the  pendulum  ball  may  be  seven 
inches  and  a half,  and  its  thickness,  at  the  centre,  about  two  inches 
and  a quarter.  In  the  edges,  and  in  the  line  of  the  diameter  hori- 
zontally across,  are  placed  two  long  and  stout  screws  g g , 71, 
whose  heads  have  graduated  circles  on  them,  and  are  near  the  edge  of 
the  ball,  and  an  index  i i to  each.  The  inner  ends  of  the  screws 
shown  at  s s , are  turned  of  such  a shape,  so  as  to  apply  by  one  point 
only  on  the  long  arms  of  the  levers  m n,  as  seen  in  71.  The 
front  shell  of  the  pendulum  ball  is  fixed  on  by  four  screws.  It  has 
been  objected  by  some,  that,  from  the  weight  of  the  ball,  the  brass 
rods  in  a compensation  pendulum  are  compressed,  and  the  steel  rods 
stretched;  a matter  of  no  moment  whatever  in  our  opinion.  This 
may,  however,  in  some  degree,  be  remedied  in  Ellicott’s  pendulum, 
by  making  the  brass  bar  of  such  a length,  as  to  come  through  and 
below  the  lower  edge  of  the  ball,  in  place  of  the  steel  part,  which  was 
common  to  both  steel  bars,  as  has  just  now  been  described.  This 
part  of  the  brass  bar  is  tapped,  having  on  it  the  nut  and  strong 
double  spring,  which  takes  off  a part  of  the  weight,  as  has  been 
noticed.  A certain  portion  of  the  weight  of  the  ball,  will,  in  this  case, 
bear  on  the  brass  bar;  supposing  it  one- third  of  the  weight,  the 
remnining  two-thirds  will  be  carried  jointly  by  the  steel  bars- 
Although  the  brass  bar  is  here  carried  through  the  ball,  it  is  easy  to 
put  a piece  to  it,  movable  on  a pivot  in  the  middle  of  the  bar, 
having  two  lugs  applying  to  the  edges  of  the  bar,  on  which  the  short 
arms  of  the  levers  m n,  may  act,  as  was  the  case  in  the  other  by  the 
movable  brass  piece. 

Things  being  in  this  situation,  let  us  suppose  that  the  bars  com- 
posing the  pendulum  rod  are  lengthened  by  heat,  and  that  the  brass 
lengthens  more  than  the  same  length  of  steel  does;  then  the  brass 
bar  a b by  its  excess  of  expansion,  will  press  down  the  short  ends  of 
the  levers  m n , at  b , and  consequently  raise  up  the  ball,  which,  by 
the  screws  s s rest  on  the  long  arms  m n , of  the  levers;  and  pro- 
vided the  ends  of  the  screws  press  on  the  levers  at  a proper  distance 
from  the  centres  o o , the  ball  will  be  always  kept  at  the  same  distance 
from  the  point  of  suspension,  notwithstanding  any  alteration  the  rod 
of  the  pendulum  may  experience  from  heat  or  cold.  What  this 
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distance  ought  to  be  may  very  nearly  be  determined,  if  the  difference 
of  the  expansion  between  brass  and  steel  is  known ; for  the  proportion 
which  the  shorter  arms  of  the  levers  ought  to  bear  to  the  longer  ones, 
will  always  be  as  the  excess  of  the  expansion  is  to  the  whole  expansion 
of  the  steel.  Instead  of  the  brass  heads  of  the  screws  being  placed 
near  the  outer  edge  of  the  ball,  they  may  be  more  advantageously 
placed  within  the  ball,  at  the  distance  of  about  an  inch  and  a quarter 
from  the  edge,  as  shown  in  71. 

See  Phil.  Trans.  1751,  p.  479,  and  a pamphlet  which  Mr  Elli- 
cott  published  in  London  in  1753.  For  an  account  of  the  improve- 
ment made  upon  it  by  Mr  A.  Cumming,  see  his  Elements  of  Clock 
and  Watchmaking , p.  107. 

Smeatons  Pendulum. 

Mr  Smeatons  compensation  pendulum  (Plate  XV.  72.)  consists 
of  a glass  rod  A B,  half  an  inch  or  more  in  diameter,  and  45.5  inches 
long.  To  the  upper  end  is  fixed  the  pendulum  spring;  to  the  lower 
a screw  s,  and  regulating  nut  n.  A brass  tube  or  ring  m,  of  an  inch  or 
so  in  length,  is  put  to  move  easily  on  the  lower  end  of  the  rod,  having 
a fillet  at  each  end,  one  bearing  on  the  regulating  nut,  the  other  sup- 
porting the  zinc,  iron,  and  lead  tubes,  which  compose  what  may  be 
called  the  pendulum  ball.  The  zinc  cylinder  or  tube  is  12^  inches 
in  length,  -§4h  of  an  inch  thick,  and  fits  easily  on  the  glass  rod,  the 
lower  end  resting  on  the  upper  fillet  of  the  brass  ring.  On  the  zinc 
tube  is  put  another  of  iron,  12  inches  long,  and  ^th  of  an  inch  thick, 
easily  movable  on  the  zinc  tube,  with  a kind  of  bottom  to  it,  in  which 
is  a hole  for  the  glass  rod  to  go  freely  through.  The  bottom  is  upper- 
most, and  rests  on  the  upper  end  of  the  zinc  tube.  The  lower 
end  of  the  iron  tube  has  a fillet  on  its  outside,  on  which  rests  a leaden 
tube  of  12  inches  long,  and  ith  of  an  inch  thick,  and  which  goes 
easily  over  on  the  iron  tube.  The  outside  diameter  of  the  leaden 
tube  will  be  nearly  two  inches.  Although  this  pendulum  will  not  be 
thought  elegant  in  appearance,  yet  it  is  said  to  have  answered  the 
purpose  of  compensation  very  well.  A section  of  the  rod  and  tubes  is 
shown  at  S. 

As  glass  does  not  suffer  much  expansion  or  contraction  from  heat 
or  cold,  it  will  be  the  more  easily  compensated.  The  glass  rod  AB 
of  this  pendulum  being  supposed  to  lengthen  in  a small  degree  by 
heat,  is  compensated  by  a zinc  tube  of  twelve  inches  and  a quarter 
long,  whose  lower  end  resting  on  the  lower  end  of  the  glass  rod,  would 
be  carried  down  by  the  lengthening  of  the  glass  rod,  but  the  same 
cause  which  produces  this  will  make  the  zinc  tube  expand  upwards, 
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which  will  carry  up  the  iron  and  leaden  tubes.  The  iron  tube  has 
in  this  case  its  expansion  downwards,  and  the  leaden  tube  compen- 
sates this  by  having  its  expansion  upwards. 

Reid's  Pendulums. 

This  compensation  pendulum  (Plate  XVI.  74.)  is  composed  of  a 
zinc  tube  AB,  and  three  steel  rods,  ab,  cd , ef.  In  order  to  obtain  a 
proper  tube,  the  zinc  must  be  very  gently  fused  into  a bar  about  an 
inch  square,  and  24.25  inches  long,  and  the  mould  into  which  it  is 
poured  should  be  upright,  or  nearly  so.  Let  this  be  very  carefully 
hammered  to  half  an  inch  per  foot,  meanwhile  keeping  it  pretty  warm 
to  prevent  cracking  or  breaking.  After  this  operation,  a hole  is 
pierced  straight  through  the  bar,  from  end  to  end,  and  opened  up  by 
means  of  a clean  cutting  broach,  until  it  is  .450  of  an  inch,  or  so, 
in  diameter.  The  outside  may  be  turned  down  till  it  is  .7  of  an  inch, 
or  less.  The  length  should  be  25.34  inches,  the  same  as  the  zinc 
rods  were  taken  at.  The  steel  rods  must  be  a quarter  of  an  inch 
in  diameter;  the  length,  from  pin  to  pin,  in  the  upper  and  lower 
traverses  of  the  two  outside  steel  rods,  c d , ef  27  inches,  five  or  six 
inches  more  being  prolonged  to  go  within  the  ball.  In  the  middle' 
of  the  lower  traverse  m n,  is  pinned  a steel  rod  g h , somewhat  more 
than  a quarter  of  an  inch  in  diameter,  and  nine  inches  long,  which 
comes  through  the  centre  of  the  ball,  which  is  fitted  up  in  the  same 
way  in  every  respect  as  was  described  for  the  gridiron  pendulum. 
The  steel  centre  rod  a b , goes  up  inside  of  the  zinc  tube,  from  a pin 
in  the  lower  end  of  it,  which  is  in  a traverse  a very  little  above  the 
lower  one,  its  length,  including  the  pendulum  spring,  is  36.75  inches; 
from  the  pin  in  the  lower  end  of  the  centre  rod,  to  the  centre  of  the 
ball,  4.75  inches.  A hole  in  the  upper  traverse  op  allows  the  centre 
rod  to  pass  freely  through.  The  lower  end  of  the  tube  rests  on  the 
traverse  g r,  in  which  the  centre  rod  is  pinned.  The  upper  traverse 
bears  on  the  upper  end,  both  traverses  having  a part  turned  from 
them,  about  one-tenth  of  an  inch  in  height,  and  of  such  a diameter 
as  to  go  into  the  ends  of  the  tube,  for  the  purpose  of  keeping  it  to 
its  proper  place.  The  distance  from  the  centre  of  the  holes  in  the 
upper  and  lower  traverses,  about  1.25  inch,  which  will  be  enough  to 
make  the  two  outside  steel  rods  stand  clear  of  the  zinc  tube.  A thin 
piece  of  brass,  with  three  holes  in  it  for  the  outside  steel  rods  and 
tube,  might  be  put  half  way  between  the  ends  of  the  tube,  to  prevent 
any  bending,  or  tremulous  motion,  a thing,  however,  not  likely  to 
take  place.  It  would  be  proper  to  have  a few  holes  in  the  tube,  for 
the  purpose  of  admitting  air  more  freely  to  the  centre  rod. 
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The  centre  steel  rod  a b , when  lengthened  by  heat,  will  make  the 
lower  end  B of  the  zinc  tube,  (which  is  supported  by  the  lower  end 
b of  the  steel  rod  a b,)  descend  with  it;  but  the  same  cause  which 
lengthens  the  steel  rod  a b downwards  will  expand  the  zinc  tube  A B 
upwards,  and  this  will  carry  up  the  two  outside  steel  rods  with  which 
the  ball  of  the  pendulum  is  connected:  their  expansion  downwards, 
as  well  as  that  of  the  centre  rod,  is  compensated  by  the  upward 
expansion  of  the  zinc  tube.  The  length  of  the  steel  rods  and  of  the 
zinc  tube,  has  been  shown  to  be  in  proportion  to  their  expansive  ratios. 

It  is  about  fifteen  years  since  we  contrived  and  made  this  kind  of 
compensation  pendulum,  which  seems  to  do  very  well.  The  following 
is  of  another  kind,  but  we  never  had  it  put  in  execution,  although  there 
is  no  doubt  but  it  would  serve  the  purpose  extremely  well,  notwith- 
standing the  risk  arising  from  the  brittleness  of  the  glass. 

Provide  a white  glass  tube,  A B,  Plate  XVI.  75,  whose  outside 
diameter  is  fths  of  an  inch,  its  inside  diameter  fths,  and  its  length  54 
inches.  Such  a tube  may  be  supposed  equal  in  strength  to  a solid  glass 
rod,  and  will  be  considerably  lighter.  Make  a zinc  tube  DE,  from  a 
square  bar,  hammered,  &c.,  in  the  same  way  as  has  just  now  been  direct- 
ed, its  length  being  16.3  inches,  and  its  inside  diameter  fths  of  an  inch, 
or  as  much  more  as  will  allow  it  to  move  freely  up  and  down  on  the 
outside  of  the  glass  tube.  If  the  thickness  of  the  zinc  tube  is  |th  of 
an  inch,  it  ought  to  answer  very  well ; if  it  is  somewhat  thicker,  it  may 
answer  even  better.  There  must  be  a core  of  brass  fitted  to  each  end 
of  the  glass  tube,  ground  gently  into  the  glass,  and  fixed  in  by  some 
of  the  lime  cements.  To  make  the  fixing  more  secure,  a hole  might 
be  bored  through  the  tube  and  core,  about  half  an  inch  from  each 
end  of  the  tube,  and  a copper  pin  put  through  them.  The  core  in 
the  lower  end  must  have  a small  cylindrical  piece,  or  wire  formed 
from  it  of  .3  or  .4  of  an  inch  in  diameter,  stretching  1.5  inch  beyond 
the  end  of  the  glass  tube,  and  tapped  for  the  nut  inside  of  the  zinc 
tube  to  work  upon.  The  regulating  nut  D should  be  under  the  pen- 
dulum ball  c , yet  a little  free  of  it,  as  it  would  be  difficult  to  get  at  it, 
were  it  placed  near  the  lower  end  of  the  rod.  The  core  at  the  upper 
end  has  also  a part  of  the  brass,  a little  way  above  the  e d of  the  tube, 
for  the  purpose  of  fixing  in  the  pendulum  spring.  The  zinc  tube 
goes  up  to  the  centre  of  the  ball,  which  rests  on  the  end  of  it;  the 
lower  end,  having  the  tapped  nut  in  it,  bears  on  the  regulating  screw. 
The  nut  may  be  either  soldered  into  the  tube  or  not,  provided  it  is 
fast  there.  As  both  the  glass  rod  and  zinc  tube  are  round,  and  go 
through  the  ball,  it  will  be  requisite  to  have  something  to  keep  the 
ball  to  its  proper  swinging  position.  For  this  purpose,  let  a brass 
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tube  of  an  inch  and  a half  in  length,  be  fitted  strongly  spring  tight 
on  the  glass  rod,  and  put  on  above  the  upper  edge  of  the  ball.  To 
the  lower  end  of  the  brass  tube  or  socket  is  fixed  a traverse  piece, 
into  which  are  fixed  two  steel  rods,  a quarter  of  an  inch  in  diameter, 
and  six  inches  long.  These  go  within  the  ball,  in  the  same  manner 
as  the  lower  ends  of  the  outside  steel  rods  in  the  gridiron  pendulum. 
The  distance  between  the  holes  in  the  traverse  should  be  3 inches, 
that  is,  each  rod  should  be  distant  outside  1.5  inch  from  the  centre 
of  the  glass  tube.  When  the  traverse  with  the  spring  tube  is  once 
set,  so  that  the  ball  may  have  its  proper  position,  it  cannot  be  easily 
altered.  The  length  taken  for  the  zinc  tube  is  rather  in  excess  for 
the  compensation  of  the  glass  rod,  and  should  it  be  found  so,  the  tube 
can  readily  be  shortened.  S is  also  a section  of  the  ball  of  the  zinc 
tube  pendulum,  glass  tube  pendulum,  and  wooden  rod  pendulum. 

The  glass  tube  having  a length  of  54  inches,  will,  when  expanded 
by  heat,  carry  down  with  it  the  zinc  tube,  whose  lower  end  rests  on 
that  of  the  glass  tube.  The  centre  of  the  ball  of  the  pendulum,  rest- 
ing on  the  upper  end  of  the  zinc  tube,  will  expand  upwards  from  the 
same  cause  which  lengthens  the  glass  tube,  and,  by  this  means,  carry 
the  ball  of  the  pendulum  up,  and  keep  the  centre  of  oscillation 
always  at  the  same  distance  from  the  point  of  suspension.  The  length 
of  the  glass  tube  rod,  and  its  expansive  ratio,  will  be  found  to  be  in 
just  proportion  to  the  length  of  the  zinc  tube  and  its  expansive  ratio. 

As  the  glass  rod  is  not  very  fit  for  the  pendulum  fork  to  work  on, 
the  following  apparatus  is  proposed,  and  has  been  found  in  other  cases 
to  answer  the  end  as  well  as  could  be  wished.  See  Plate  XY.  73. 

A A is  a hollow  cylinder  of  brass  1.5  inch  long,  which  fits  the  glass 
rod  rather  more  than  spring  tight.  It  is  made  a little  thin  near  the 
ends,  and  at  the  middle  it  is  left  thick,  having  the  appearance  of  a 
brass  ring,  #,  a , a,  a , formed  on  the  cylinder,  into  which  are  fixed 
two  pivots  />,  ju,  a piece  of  brass  not  very  thick,  .3  of  an  inch  broad, 
being  bent  up  nearly  in  a bow  form,  as  at  B,  B,  having  a small  hole 
at  each  end,  5,  5,  to  receive  the  pivots  />,  p.  One  of  the  ends  must 
be  screwed  on,  in  order  to  get  the  pivots  more  conveniently  into  their 
holes.  At  the  end  or  middle  of  the  bow  is  a solid  or  round  knob  of 
brass  C,  in  which  is  a hole  tapped  to  receive  the  screw  D,  the  head 
of  which  is  milled  on  the  edge  and  sunk  on  the  outside,  to  receive 
the  round  flat  piece  of  brass  E,  which  snaps  easily  in  like  a barrel 
cover,  and  is  not  left  so  tight  but  that  it  may  be  easily  turned  round 
in  its  place,  without  any  risk  of  coming  out,  and  supposed  to  have  no 
shake  outwards.  Into  the  piece  E is  fixed  a piece  of  brass  having  a 
hole  in  it  to  receive  the  pin  of  the  crutch.  Two  views  of  this  piece 
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are  seen  at  F F.  When  these  pieces  are  all  combined  to  act  in  their 
places,  it  can  easily  be  seen,  that,  by  turning  the  milled  head  of  the 
screw  D,  holding  the  piece  F in  its  front  view  position,  the  crutch  pin 
will  be  made  to  move  out  or  in,  according  as  the  screw  D is  turned, 
by  which  the  clock  will  be  set  on  beat,  to  a degree  of  nicety  which  is 
not  easily  obtained  by  bending  the  fork  or  crutch  shank. 

There  are  other  modes  of  putting  a clock  on  beat,  but  they  gene- 
rally consist  of  an  apparatus  for  that  purpose,  carried  by  the  crutch 
or  fork,  which  is  a load  on  the  cock  pivot.  The  one  which  has  been 
described,  has  the  advantage  of  being  supported  by  the  pendulum 
rod. 

Troughtoris  Tubular  Pendulum. 

Mr  Edward  Troughtoffs  tubular  pendulum,  is  a very  neat  and 
ingenious  one,  in  every  respect  worthy  of  that  celebrated  artist,  to 
whom  science  is  so  much  indebted  for  the  great  perfection  to  which 
he  has  brought  the  dividing  of  astronomical  instruments.  Having  a 
good  opinion  of  the  pendulum,  we  shall  give  it  a place  here.  See 
Plate  XVI.  76. 

This  pendulum,  Mr  Troughton  says,  in  his  description,  is 
“ drawn  to  a scale  of  one-eighth  of  the  real  dimensions,  exhibits  the 
shape  of  the  whole  instrument,  in  which  the  parts  of  action  being 
completely  concealed  from  view,  it  appears,  excepting  the  usual  sus- 
pension spring,  to  be  made  of  solid  brass.  This  figure  gives  a front 
view  of  the  pendulum.  The  form  of  the  bob  is  used  more  on  account 
of  its  being  easy  to  make,  and  sightly,  than  from  any  other  considera- 
tions; it  is  made  of  one  piece  of  brass,  about  7 inches  diameter,  2.5 
thick  at  the  centre,  and  weighs  about  15  lbs.  avoirdupois:  the  front 
and  back  surfaces  are  spherical,  with  a thick  edge  or  cylindrical  part 
between  them.  The  apparent  rod  is  a tube  of  brass,  reaching  from 
the  bob  nearly  to  the  top.  This  contains  another  tube  and  five  wires 
in  its  belly,  so  disposed  as  to  produce  altogether  (like  the  nine-bar 
gridiron  of  Harrison)  three  expansions  of  steel  downwards,  and  two 
of  brass  upwards ; whose  lengths  being  inversely  proportioned  to  their 
dilatation,  when  properly  combined,  destroy  the  whole  effect  that  either 
metal  would  have  singly.  The  small  visible  part  of  the  rod  near  the 
top,  is  a brass  tube,  whose  use  is  to  cover  the  upper  end  of  the  middle 
wire,  which  is  here  single,  and  otherwise  unsupported. 

“ Reckoning  from  the  top,  the  first  action  is  downwards,  and  con- 
sists of  the  spring,  a short  wire  0.2  diameter,  and  a long  wire  0.1 
diameter;  these  all  of  steel,  firmly  connected,  reach  down  within  an 
inch  of  the  centre  of  the  bob,  and  occupy  the  middle  line  of  the  whole 
apparatus.  To  the  lower  end  of  the  middle  branch  is  fastened  the 


TROUGH  TON'S  PENDULUM. 


375 


lower  end  of  the  interior  brass  tube,  0.6  in  diameter,  which  termi- 
nates a little  short  of  the  top  of  the  exterior  tube,  and  produces  the 
first  dilatation  upwards.  From  the  top  of  the  interior  tube  depend 
two  wires  0.1  diameter,  whose  situation  is  in  a line  at  right  angles 
to  the  swing  of  the  pendulum,  and  reach  somewhat  lower  than  the 
attached  tube  itself,  which  they  pass  through  without  touching,  and 
effect  the  second  expansion  downwards.  The  second  action  upwards 
is  gained  by  the  exterior  tube,  whose  internal  diameter  just  allows 
the  interior  tube  to  pass  freely  through  it;  its  bottom  is  connected 
with  the  lower  ends  of  the  last  described  wires.  To  complete  the 
connection,  a second  pair  of  wires  of  the  same  diameter  as  the  former, 
and  occupying  a position  at  right  angles  to  them,  act  downwards, 
reaching  a little  below  the  exterior  tube,  having  also  passed  through 
the  interior  one  without  touching  either.  The  lower  ends  of  these 
wires  are  fastened  to  a short  cylindrical  piece  of  brass,  of  the  same 
diameter  as  the  exterior  tube,  to  which  the  bob  is  suspended  by  its 
centre. 

“ No  1 . is  a full  size  section  of  the  rod,  in  which  the  three  con- 
centric circles  are  designed  to  represent  the  two  tubes;  and  the 
rectangular  position  of  the  two  pair  of  wires  round  the  middle  one, 
are  shown  by  the  five  small  circles.  By  copying  this  arrangement, 
from  the  elegant  construction  of  your  own  half  seconds  pendulum, 
{Phil.  Journal  for  August  1799,)  I avoided  much  trouble,  which  must 
have  occurred  to  me,  unless,  indeed,  I had  been  impelled  on  the  same 
idea,  by  the  difficulty  of  contriving  the  five  wires  to  act  all  in  a row, 
with  sufficient  freedom  and  in  so  small  a space. 

“ No.  2.  explains  the  part  which  closes  the  upper  end  of  the  interior 
tube:  the  two  small  circles  on  the  two  wires  which  depend  from  it,  and 
the  three  large  circles  show  the  holes  in  it,  through  which  the  middle 
and  other  pair  of  wires  pass. 

“ No.  3.  is  designed  to  explain  the  part  which  stops  up  the  bottom 
of  the  interior  tube ; the  small  circle  in  the  centre  is  where  the  middle 
wire  is  fastened  to  it;  the  others  the  holes  for  the  other  four  wires  to 
pass  through.  No.  4.  is  the  part  which  closes  the  upper  end  of  the 
external  tube ; the  large  circle  in  the  centre  is  the  place  where  the 
brass  covering  for  the  upper  part  of  the  middle  wire  is  inserted;  and 
the  two  small  circles  denote  the  fastening  for  the  wires  of  the  last 
expansion.  No.  5.  represents  the  bottom  of  the  exterior  tube,  in 
which  the  small  circles  show  the  fastening  places  for  the  wires  of  the 
second  expansion,  and  the  larger  ones  the  holes  for  the  other  pair  of 
wires  to  pass  through. 

“ No.  6.  is  a cylindrical  piece  of  brass,  which  shows  how  the 
lower  ends  of  the  wires  of  the  last  expansion  are  fastened  to  it,  and 
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the  hole  in  the  middle  is  that  whereby  it  is  pinned  to  the  centre  of 
the  bob.  The  fastening  of  the  upper  ends  of  the  two  pair  of  wires 
is  done  by  screwing  them  into  the  pieces  which  stop  up  the  ends  of 
the  tubes : but  at  the  lower  ends  they  are  all  fixed  as  represented  by 
No.  6.  I have  only  to  add  to  this  description,  that  the  pieces  repre- 
sented in  Nos.  5.  and  6.  have  each  a jointed  motion,  by  means  of 
which  the  fellow  wires  of  each  pair  would  be  equally  stretched, 
although  they  were  not  exactly  of  the  same  length. 

“In  the  apparatus  thus  connected,  the  middle  wire  will  be  stretched 
by  the  weight  of  the  whole;  the  interior  tube  will  support  at  its  top 
the  whole  except  the  middle  wire,  the  second  pair  of  wires  will  be 
stretched  by  all  except  the  middle  wire  and  interior  tube ; the  exterior 
tube  supports  at  its  top  the  weight  of  the  second  pair  of  wires  and 
the  bob,  and  the  second  pair  of  wires  are  stretched  by  the  weight  of 
the  bob  only. 

“ The  first  pendulum  which  I made  of  the  tubular  kind,  had  only 
three  steel  wires,  and  one  tube  above  the  bob ; that  is  two  expansions 
down  and  one  up ; and  the  quantity  which  one  of  brass  falls  short, 
to  correct  two  of  steel,  was  compensated  for  by  extending  those 
branches  of  the  rod  below  the  bob,  and  bringing  up  an  external  tube 
to  which  the  bob  was  affixed.  There  is  an  awkwardness  in  this  con- 
struction, owing  to  the  rod  reaching  about  13  inches  below  the  lower 
edge  of  the  bob,  otherwise  it  is  not  inferior  to  the  one  first 
described.” 


Ward's  Pendulum. 

The  rod  of  this  pendulum  consists  of  two  flat  bars  of  steel,  and  one 
of  zinc,  connected  together  by  three  screws,  as  shown  in  Plate  XVI. 
77,  No.  1.  No.  2.  is  a side  view  of  the  pendulum  rod  when  the  bars 
are  together ; “ li  h , i i”  says  Mr  Ward,  “ are  two  flat  rods  or  bars  of 
iron,  about  an  eighth  of  an  inch  thick ; Jc  Jc  is  a bar  of  zinc  inter- 
posed between  them,  and  is  nearly  a quarter  of  an  inch  thick.  The 
corners  of  the  iron  bars  are  bevelled  off,  that  they  may  meet  with  less 
resistance  from  the  air ; and  it  likewise  gives  them  a much  lighter 
appearance.  These  bars  are  kept  together  by  three  screws,  /,  l , /, 
which  pass  through  oblong  holes  in  Ji  Ji  and  Jc  Jc , and  screw  into  i i. 
The  bar  h Ji  is  connected  to  the  one  Jc  Jc  by  the  screw  m,  which  is 
called  the  adjusting  screw.  This  screw  is  tapped  into  h h,  and  passes 
barely  through  Jc  Jc;  but  that  part  of  the  screw  which  enters  Jc  Jc 
has  its  threads  turned  off.  The  bar  i i has  a shoulder  at  its  upper 
end,  turned  at  right  angles,  and  bears  at  the  top  of  the  zinc  bar  Jc  £, 
and  is  supported  by  it.  It  is  necessary  to  have  several  holes  for  the 
screw  m,  in  order  to  adjust  the  compensation.  Nos.  3,  4,  5 are  a 
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side  view  of  each  bar  separately.  No  6.  shows  the  flat  side  of  the 
zinc  bar.  No.  1.  is  a front  view  of  the  pendulum  rod  when  screwed 
together.  The  letters  have  the  same  reference  to  the  different 
figures.” 

The  front  steel  bar  being  lengthened  by  heat,  and  having  its 
expansion  downwards,  will  carry  along  with  it  the  zinc  bar,  whose 
lower  end  is  supported  by  a screw  in  the  front  bar;  the  zinc  bar  in 
this  case  will  have  its  expansion  upwards,  and  carry  up  the  back  steel 
bar,  whose  upper  end  rests  by  means  of  a knee  on  the  upper  end  of  the 
zinc  bar.  The  pendulum  ball  hangs  to  the  lower  part  of  the  back 
steel  bar,  which  has  its  expansion  downwards;  but  the  two  expan- 
sions downwards  of  the  steel  bars  are  compensated  by  the  upward 
expansion  of  the  zinc  bar. 

Mr.  Ward’s  pendulum  must  be  allowed  to  be  a very  excellent  one, 
as  it  possesses  the  advantage  of  permitting  the  compensation  to  be 
readily  and  easily  altered.  The  description  which  has  been  given  of 
it  in  the  Transactions  of  the  Society  for  the  Encouragement  of  Arts, 
&c.  for  the  year  1807,  and  in  the  pamphlet  which  Mr.  Ward  pub- 
lished at  Blandford  in  1808,  contained  sufficient  details  to  enable  any 
common  clockmaker  to  copy  it.  We  have  only  to  add,  that  there 
should  be  a spare  screw,  for  shifting  the  compensation,  and  that  the 
screws  connecting  the  two  steel  bars  and  the  zinc  one  should  never 
on  any  account  be  moved.  It  will  be  found  of  great  advantage  to 
have  a spare  screw,  which  may  be  put  into  that  place  which  is  sup- 
posed requisite  to  correct  the  compensation ; and  then  release  the 
one  supposed  to  be,  where  the  compensation  is  thought  too  much  or 
too  little.  Our  experience  with  it  soon  led  us  to  this  contrivance. 
Having  made  one  of  these  pendulums,  we  shall  now  give  an  account 
of  its  dimensions,  &c.  The  distance  from  the  upper  part  of  the  pen- 
dulum spring  to  the  centre  of  the  ball,  is  40.75  inches;  and  to  the 
lower  end  of  the  front  steel  bar,  2 feet  11.5  inches.  From  the 
upper  end  of  the  zinc  bar,  where  the  back  bar  of  steel  rests  or  hangs 
on,  to  the  centre  of  the  ball,  is  2 feet  6.25  inches.  The  steel  bars  are 
forged  from  cast  steel,  and  annealed;  their  breadth  is  three  quarters 
of  an  inch,  and  their  thickness  about  one-tenth  of  an  inch.  The 
length  of  the  zinc  bar  is  24.8  inches;  and  its  thickness  a little  more 
than  two-tenths  of  an  inch.  The  centre  of  the  ball  hangs  on  the  end 
of  the  tube  of  the  regulating  nut,  where  it  was  tapped,  to  work  on  its 
corresponding  screw,  made  near  the  lower  part  of  the  back  bar,  formed 
here  into  a round  rod,  the  lower  end  of  which  is  a point  or 
index,  to  a graduated  plate  fixed  to  the  back  of  the  case,  and  5.25 
inches  below  the  centre  of  the  ball.  The  weight  of  the  ball  is 
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13  lbs.  2 oz.;  that  of  the  zinc  and  steel  bars,  nut,  pendulum  spring,  and 
connecting  screws,  2 lbs.  13|  oz. ; weighing  in  all  nearly  16  lbs.  In 
making  up  steel  bars  or  rods  for  any  compensation  pendulum,  it  is 
proper  to  heat  or  blue  them  after  they  are  finished,  which  will  dispel 
whatever  magnetism  they  may  have  acquired  in  working  them  up. 
The  zinc  bar  of  this  pendulum,  when  brought  near  to  the  length  of 
compensation,  was  about  21  inches.  Taking  the  length  of  steel  to  be 
compensated  by  this  at  61.75  inches,  we  may  find  what  the  compen- 


sation of  the  zinc  should  be,  if  the  steel  is  rightly  taken,  at  138. 
Steel  in  inches  61.75  - log.  1.7906370 

Ratio  138  log.  2.1398791 


The  expansive  ratio  here  is  greater  than  373,  as  given  by  Mr 
Smeaton;  but  is  not  equal  to  420,  as  given  by  Mr  Ward,  from  trials 
made  with  his  pendulum. 

The  three  zinc  pendulums  which  have  been  described,  have  each 
their  peculiar  properties.  The  zinc  rods  of  the  gridiron  one  are  very 
troublesome  to  make;  but  they  are  more  exposed  to  the  air  or  to 
changes  of  temperature,  are  easy  to  adjust  by  means  of  the  shortest 
traverse,  and  the  sets  of  holes  which  are  in  them  and  the  centre 
rod.  When  this  pendulum  is  well  executed,  it  is  perhaps  the  best 
of  the  three.  The  one  with  the  zinc  tube  is  the  strongest,  the  bear- 
ing on  it  being  more  firm  and  direct  than  in  either  of  the  other  two, 
only  it  has  no  means  for  adjusting  the  compensation,  unless  by  short- 
ening the  tube  from  time  to  time,  according  as  the  excess  of  its  com- 
pensation is  shown.  Something  might  be  contrived  to  adjust  it,  with- 
out taking  it  from  its  place,  but  this  would  be  too  complicated;  so 
that  the  shortening  of  the  tube  by  degrees  is  rather  the  better  way. 
Ward’s  is  much  more  easily  made  than  the  other  two.  Those  who 
use  gridiron  pendulums  should  have  a half  traverse,  with  three  pins 
on  it,  similar  to  the  shortest  one  in  the  pendulum,  which  will  be 
found  very  convenient,  when  it  is  necessary,  to  shift  for  compensation. 
The  half  traverse  and  pins  should  be  put  into  the  holes,  where  the 
traverse  in  shifting  is  not  to  come.  This  will  keep  the  pendulum 
rods  in  their  places,  and  serve  in  the  same  way  as  the  spare  screw 
proposed  for  Ward’s  pendulum. 
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Zinc  in  inches  21 
Ratio  405.7  - 


log.  1.3222193 
log.  2.6082968 
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j Uhomboidal  Compensation  Pendulum. 

A great  many  years  ago,  an  old  clock  was  put  into  our  hands, 
which  had  been  made  in  this  country,  having  a pendulum  of  this 
kind,  consisting  of  seven  or  eight  lozenges  or  rhombi,  with  diagonal 
bars  to  each,  so  as  to  make  a sort  of  compensation  to  the  pendulum 
rod.  It  will  readily  be  seen,  that  when  heat  should  elongate  the 
sides  of  the  rhombi,  it  will  also  elongate  the  diagonal  bars,  and 
cause  their  ends  to  press  against  the  internal  and  horizontal  angles 
of  the  lozenges;  by  this,  the  distance  between  the  vertical  angles 
will  be  kept  invariably  the  same,  and  the  centre  of  oscillation 
will  be  kept  constantly  so.  The  effect  of  cold  on  the  rhombi  or 
lozenges  will  be  in  the  reverse  order;  and  if  there  is  a due  propor- 
tion between  the  length  of  their  sides  and  that  of  the  diagonal  bars,  it 
is  likely  to  compensate  the  effects  of  heat  and  cold  on  the  pendulum. 
We  shall  hazard  a proportion:  say,  for  the  length  of  the  diagonal 
bars  about  six  inches,  and  the  distance  between  the  vertical  angles 
about  five  inches  and  six-tenths  of  an  inch,  the  number  of  lozenges 
being  seven:  experience  alone  can  best  determine  what  these  mea- 
sures and  number  should  be.  A compensation  pendulum  rod  of 
this  kind  was  certainly  an  ingenious  contrivance;  the  idea,  we  pre- 
sume?,  seems  to  have  been  taken  from  the  form  of  the  tongs  used  by 
the  Hollanders,  when  taking  any  live  piece  of  burning  coal  or  charcoal 
to  light  their  tobacco  pipes  with.  A great  objection,  however,  to  this 
kind  of  pendulum  rod,  is,  that  there  are  too  many  points  of  oblique 
bearing  in  it. 

Some  of  the  French  artists  have  lately  proposed  to  have  one  lozenge 
only,  which  would  surely  be  unsightly,  from  the  great  length  that 
the  diagonal  bar  must  have,  and  the  clock-case  much  distorted  to 
contain  such  a pendulum.  For  more  on  this  subject,  see  the  Appen- 
dix to  the  ninety-second  volume  of  the  Monthly  Review,  or  tome  xii. 
Archives  des  Decomertes. 

On  the  Wooden  Pendulum  Bod. 

The  wooden  pendulum  rod  does  not  come  under  the  class  of  those 
which  have  just  now  been  described ; nor  can  it  be  supposed  equal 
to  any  metallic  compensation  one.  Having  a good  opinion  of  it, 
however,  we  put  to  trial  one  of  them  made  of  a very  fine  piece  of 
straight-grained  deal,  that,  for  the  purpose  of  seasoning,  had  been 
kept  for  five  years  near  a parlour  fire,  which  was  almost  constantly 
lighted  throughout  the  whole  year.  The  rod,  when  dressed  up 
and  fitted  to  the  ball,  and  the  pendulum  spring  put  to  it,  was  well 
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varnished,  so  as  to  exclude  any  possibility  of  its  being  affected  by 
damp.  It  was  then  applied  to  the  clock,  which,  when  regulated, 
went  for  about  sixty  days,  during  the  months  of  June  and  July, 
without  any  apparent  deviation  from  time;  the  very  dry  weather 
made  the  fixings  for  the  clock-case  shrink  a little.  When  these  were 
again  made  more  secure,  the  clock,  during  a trial  of  many  months, 
could  not  be  brought  to  give  the  same  satisfaction.  Whether  this 
was  owing  to  the  wooden  rod,  or  to  what  cause,  we  shall  not  at  present 
pretend  to  determine.  On  this  pendulum  being  taken  away  from  the 
clock,  a mercurial  one  was  put  in  its  place,  having  the  same  pendulum 
spring  which  was  at  the  wooden  rod,  and  every  thing  else  being  in 
the  same  state  as  before.  The  difference  in  the  good  going  of  the 
clock  after  this,  became  truly  astonishing,  and  may  be  considered 
as  a striking  proof  of  the  great  superiority  of  the  one  pendulum  over 
the  other. 

It  must  here  be  observed,  that  although  the  comparative  trial  by 
the  same  clock,  with  the  mercurial  and  wooden  rod  pendulums,  was 
in  favour  of  the  former,  yet  this  clock  and  another  were  fixed  on  two 
planks,  exactly  the  same  as  those  described  in  the  following  chapter, 
and  strongly  fixed  to  a stone  wall,  opposite  the  brick  wall  where  the 
other  two  clocks  were,  which  gave  rise  to  the  discovery  of  their  pen- 
dulums affecting  each  others’  motions.  Not  being  aware  of  this  at  the 
time  of  trial,  the  errors  of  the  going  of  the  clock,  while  the  wooden 
rod  pendulum  was  used,  and  the  good  going  of  it  when  the  mercurial 
pendulum  was  applied,  may  have  arisen  from  various  causes,  such  as 
the  elasticity  of  the  plank  on  which  they  were  fixed,  or  the  pendulums 
being  of  unequal  length  and  weight.  This  much  may  positively  be 
affirmed,  that  they  were  not  going  under  such  circumstances  as  to 
have  a fair  trial.  We  propose,  however,  to  repeat  the  experiment  with 
the  wooden  rod  pendulum,  applied  to  another  clock,  placed  in  a more 
insulated  situation.  An  eminent  American  philosopher  says,  that  deal 
has  little  or  no  longitudinal  expansion,  making  it  less  than  glass,  as 
may  be  seen  in  a Table  of  expansions.  Edinburgh  Encyclopedia. 

In  the  Astronomical  Observations  published  at  Cambridge  in  1769, 
by  the  late  Rev.  William  Ludlam,  Professor  of  Mathematics  in  that 
university,  he  has  described  a very  neat  and  ingenious  method  of 
fitting  up  a pendulum  with  a wooden  rod,  constructed  for  the  pur- 
pose of  preventing  any  gyratory  motion  from  taking  place,  as  well  as 
to  have  some  resistance  from  the  air.  This  was  effected  by  having 
the  pendulum  ball  of  an  equal  mass  round  the  centre  of  a round 
wooden  rod,  and  by  a thin  flat  hard  steel  crutch,  to  give  impulse  on 
the  hardened  ends  of  two  screws  put  through  the  rod,  which  screws 
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were  to  keep  the  flat  crutch  as  near  as  possible  in  the  plane  or  line  of 
the  diameter  of  the  pendulum  rod,  or  at  right  angles  to  the  middle 
plane  of  the  pendulum  ball.  This  ball  was  nearly  of  the  form  of  a 
cheese,  or  the  middle  frustum  of  a globe.  For  a more  particular 
description  of  it,  see  Ludlam’s  Observations,  page  81,  plate  Y. 

From  the  description  given  of  this  pendulum  by  Mr  Ludlam,  it 
appears  to  be  a very  complete  one,  and  several  persons  were  on  that 
account  led  to  adopt  it;  but,  from  our  experience,  it  was  found  to  be 
much  inferior  to  what  might  have  been  expected,  and  to  possess, 
rather  in  a great  degree,  the  very  defect  which  Mr  Ludlam  wanted  to 
avoid.  The  lateral  coming  and  going  of  the  pendulum  rod  by  heat 
and  moisture,  causes  the  screws  to  come  and  go  from  the  crutch, 
sometimes  to  clip  it  hard,  and  at  other  times,  to  allow  it  to  have  more 
freedom  between  the  ends  or  points  of  the  screws  than  is  proper. 
Finding  that  it  had  a strong  tendency  to  gyratory  motion  when  the 
clock  was  set  a-going,  (which  however  diminished  sometime  after,) 
arising  from  the  mass  of  the  ball  being  carried  out  from  the  centre 
towards  the  edge,  and  from  a thick  rod  passing  through  it. 

We  thought  of  the  following  pendulum,  which  was  afterwards  put 
in  execution,  where  the  greater  part  of  the  mass  of  the  ball  is  kept 
at  the  centre,  and  where  the  least  quantity  possible  is  towards  the 
edge.  A drawing  of  this  pendulum  is  given  in  Plate  XYI.  78. 
The  ball  is  of  a lenticular  form,  7 inches  in  diameter,  thickness  at  the 
centre  2.5  inches,  as  seen  at  A A,  having  a round  wooden  rod  C C, 
about  .6  of  an  inch  in  diameter,  or  thereabout.  The  rod  may  be 
either  round,  flat,  rectangular,  or  elliptical.  This  last  is  perhaps  the 
best  form ; the  transverse  diameter  being  1 .5  inch,  and  the  conjugate 
0.5  of  an  inch;  a a,  a a,  are  two  small  round  steel  wires,  whose 
diameter  is  less  than  .2  of  an  inch,  or  say  .175  of  an  inch,  the  length 
from  pin  to  pin  about  8.5  inches.  They  might  be  kept  shorter  if  care 
were  taken  to  regulate  the  length  of  the  pendulum  by  the  going  of 
the  clock  before  fixing  their  length;  in  which  case,  they  need  not 
project  more  than  .2  of  an  inch  beyond  the  diameter  of  the  ball.  The 
centres  of  these  wires  are  one  inch  apart,  each  passing  through 
the  ball  at  half  an  inch  from  the  centre;  b 1 ,b  2,  are  two  pieces 
of  brass,  into  which  the  ends  of  the  steel  wires  are  fitted  and  pin- 
ned fast;  their  shape  is  represented  in  the  drawing.  "In  one  of  them, 
b 1,  is  a socket,  in  which  the  lower  end  of  the  rod  is  fixed;  and  in 
the  lower  one  b 2,  the  regulating  screw  d passes  freely  through : x, 
x are  two  brass  milled  nuts,  tapped  to  receive  the  screw  d,  which 
has  also  a conical  milled  head  fixed  on  it;  the  lower  end  of  the 
screw  serving  as  an  index  for  the  arcs  of  the  pendulum’s  vibrations. 
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On  the  upper  end  of  the  screw,  the  lower  edge  of  the  pendulum  ball 
rests;  and  when  moved  up  or  down  by  the  screw,  the  nuts  x , x,  are 
screwed  against  the  brass  piece  b 2,  in  order  to  keep  all  fast. 

The  advantages  which  this  pendulum  possesses,  are  very  obvious. 
The  whole  of  the  momentum  of  the  ball  is  so  near  the  centre,  that  it 
maintains  a very  steady  motion;  and  should  any  lengthening  or 
shortening  of  the  rod  and  steel  wires  take  place,  this  will  in  some 
degree  be  compensated  by  the  ball.  Should  they  lengthen,  the  same 
cause  will  make  the  centre  of  the  ball  get  upwards,  the  edge  mean- 
while resting  on  the  end  of  the  regulating  screw,  and  vice  versa.  A 
piece  of  flat  brass  is  fitted  and  pinned  into  the  upper  part  of  the  rod 
C C,  as  seen  in  the  drawing.  In  front  of  the  rectangular  hole  made 
in  this  piece  of  brass  to  receive  the  crutch  pin,  a part  of  the  wood  is 
taken  away,  in  order  that  the  crutch  with  its  pin  may  get  as  near  as 
may  be  to  the  piece  of  brass.  The  piece  of  brass  in  which  the  lower 
end  of  the  pendulum  spring  is,  is  fitted  to  the  top  of  the  rod,  having 
two  pins  through  it,  to  make  it  fast  there.  The  upper  end  is  fixed 
to  a piece  of  brass,  which  goes  on  a steel  arbor,  having  pivots  to  rest 
on  a cock,  and  turn  freely  on  it,  so  that  the  pendulum  may  take  its 
plumb-line  when  hung  on. 

It  has  been  observed  by  some  cabinet-makers,  that  from  drawers, 
whose  sides  and  bottom  were  of  cedar,  there  issued  efiluvise,  that 
inspissated  the  oil  at  the  locks,  and  thickened  it  so  much,  that  the 
locks  became  of  no  use  till  they  were  taken  off  and  cleaned. 

Pendulum  rods  have  sometimes  been  made  of  cedar  wood,  and  are 
objectionable  on  this  account,  as  the  oil  at  the  pivot  holes  of  the 
clock  becomes  thickened  by  it.  Perhaps  if  pendulum  rods  of  cedar 
were  strongly  varnished,  this  might  deprive  the  wood  of  this  inspis- 
sating quality. 

It  is  of  the  utmost  importance  to  have  the  pendulums  of  clocks 
well  fixed  at  the  point  of  their  suspension;  and  the  cock  to  which 
they  are  suspended  should,  at  the  same  time,  be  strong  and  firmly 
fixed  to  the  wall  of  the  place  where  the  clock  stands.  This  requires 
to  be  particularly  attended  to  in  turret  clocks,  and  still  more  so  in 
clocks  intended  for  astronomical  purposes.  These  last  ought  to  be 
placed  upon  an  iron  bracket,  strongly  fixed  to  as  massy  a stone  pier 
as  can  possibly  be  got  into  the  place  where  the  clock  is  to  stand.  We 
have  had  an  instance  of  a pendulum  which  was  so  well  fixed  up,  that 
there  did  not  appear  a possibility  of  its  being  made  any  firmer,  or 
that  the  motion  of  the  pendulum  could  in  the  least  affect  the  cock 
and  suspension,  yet  the  arc  of  its  vibration  was  a little  increased,  after 
having  made  considerable  exertions  to  put  farther  home  the  screws, 
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&c.  concerned  with  the  fixtures  of  the  cock  and  the  suspension  of 
the  pendulum.  The  arc  of  vibration  did  not  exceed  two  degrees  on 
each  side  of  the  point  of  rest,  so  that  its  motion,  or  centrifugal  force, 
could  not  be  very  great  at  the  point  of  suspension;  yet  small  as  this 
force  was,  it  is  clear  that  it  was  sufficiently  great  to  effect  the  cock 
there,  as  this  cause  made  the  arc  of  vibration  of  less  extent  than  when 
the  suspension  was  afterwards  more  firmly  fixed.  W e have  suspended 
the  pendulum  on  a strong  brass  cock,  wdiich  was  either  rivetted  or 
screwed  to  an  iron  plate.  This  iron  plate  was  screwed  firmly  to  the 
wall,  the  back  of  the  clock-case  being  between  the  plate  and  the  wall, 
and  sometimes  a notch  was  left  in  the  pillar  plate  to  receive  the  end  of 
the  brass  cock,  by  which  means  the  clock  frame,  and  the  pendulum 
suspension  were  made  to  keep  together  as  nearly  as  possible  ; and 
when  every  thing  here  was  so  far  adjusted,  a strong  screw  with  a 
square  head  was  put  through  the  cock,  binding  it  and  the  pendulum 
top-piece  firmly  together.  Another  way  is,  to  have  two  brass  sup- 
ports screwed  on  to  a very  strong  seat  board.  These  supports  may 
be  about  one  inch  broad  and  a half  inch  thick,  and  in  height  about 
six  inches  more  or  less,  according  to  the  height  of  the  bending  of  the 
pendulum  spring  above  the  seat  board.  Each  support  has  a strong 
and  broad  sole,  and  these  soles  have  a stout  steady  pin  to  go  into  the 
seat  board,  which  is  screwed  from  underneath  the  seat  board,  by  a 
strong  iron  or  steel  screw,  fast  to  the  upper  side.  The  supports  at 
the  top  incline  a little  towards  each  other,  and  a thick  and  broad  piece 
of  plate  brass  is  screwed  to  them  behind,  so  as  to  connect  them  firmly 
together.  The  upper  ends  of  the  supports  are  made  level,  and 
parallel  with  the  soles  and  seat  board.  Across  these  ends  is  made  a 
triangular  notch,  to  receive  the  pivots  of  a piece  of  steel,  to  which  the 
pendulum  is  suspended.  By  means  of  these  pivots  the  pendulum 
turns,  so  as  to  hang  freely  in  a vertical  position.  The  distance  between 
the  ends  of  the  brass  supports  at  the  top  need  not  be  more  than 
two  inches,  while  at  the  bottom  the  distance  may  be  four  inches,  or 
not  quite  so  much,  the  inclination  being  about  ten  degrees  or  so  from 
the  perpendicular.  The  piece  of  steel  should  not  be  less  than  half 
an  inch  thick  at  the  middle,  where  it  should  be  circular,  and  about 
three  quarters  of  an  inch  broad.  In  the  middle  is  a hole  of  about 
three-tenths  of  an  inch  in  diameter : the  two  conical  arbors  are  formed 
from  the  circular  part,  so  as  to  be  in  a line  with  the  diameter  of 
the  hole.  The  pivots  of  these  arbors,  which  turn  in  the  triangular 
notches,  may  be  about  three-twentieths  of  an  inch  thick.  In  the  hole, 
which  is  three-tenths  of  an  inch  wide,  is  fitted  a steel  pivot,  having  a 
shoulder  on  the  under  side,  which  comes  so  far  beyond  the  upper  side 
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as  to  admit  a stout  brass  collet  to  be  pinned  on  it,  and  against  the 
upper  flat  side  of  the  circular  part,  besides  a sort  of  screw  head  on  the 
end,  with  a slit  in  it,  by  which  a screw-driver  can  turn  it  about,  so 
that  the  pendulum  ball  may  be  made  to  stand  in  the  plane  in  which 
it  ought  to  swing.  From  the  shoulder,  below  the  circular  part  of  the 
steel  piece,  to  the  lower  end,  may  be  an  inch  long.  To  this  the  pen- 
dulum spring  is  fixed.  This,  in  some  respects,  is  a very  convenient 
mode  of  suspension,  but  we  do  not  think  it  so  strong  and  so  firm  as 
the  other. 

When  the  astronomical  clock,  formerly  mentioned,  which  goes  six 
weeks  without  winding  up,  was  planned,  care  was  taken  to  have  the 
weight  kept  at  as  great  a distance  as  possible  from  the  pendulum  ball, 
as  we  conceived  that  the  attraction  of  the  weight  would  disturb  the 
vibrations  of  the  pendulum.  This  idea,  which  appeared  to  us  new, 
had  occurred,  we  have  been  told,  long  before  to  several  very  able 
artists  and  amateurs,  such  as  Graham,  Harrison,  Lord  Macclesfield, 
Sir  George  Shuckburgh,  Troughton,  and  others.  In  the  course  of  our 
trials  with  the  clock,  the  arc  of  the  vibrations  of  the  pendulum,  when 
the  weight  came  as  far  down  as  the  ball,  was  observed  to  suffer  a 
sensible  diminution,  and  this  was  imputed  to  their  mutual  attraction. 
Upon  mentioning  this  afterwards  to  one  or  two  persons,  supposed  to 
be  competent  to  judge  in  an  affair  of  this  kind,  they  entertained  some 
doubts  respecting  this  explanation  of  the  fact,  and  thought  it  might 
probably  arise  from  some  motion  communicated  to  the  air  by  the 
swinging  of  the  pendulum.  Without  making  any  experiments  in 
order  to  examine  the  action  of  the  air  on  the  motion  of  the  pendulum, 
an  account  of  the  fact,  which  was  ascribed  solely  to  attraction,  was 
published  in  Nicholson's  Phil . Jour.  Oct.  1812,  voL  xxxiii.  octavo 
series.  Soon  after  this,  Mr  Ezekiel  Walker  of  Lynn,  in  a paper 
published  in  the  same  Journal,  endeavoured  to  show,  that  the  cause 
of  this  disturbance  of  the  pendulum,  (which  he  says  had  been  known 
to  him  30  years  before,)  arose  from  the  motion  of  the  air  communi- 
cated by  the  weight  to  the  pendulum,  which  it  certainly  did,  as  we  soon 
afterwards  found  from  one  or  two  experiments,  which  did  not  occupy 
much  time.  In  a paper  of  Mr  Walker's,  in  Nicholson's  Phil.  Jour. 
for  May,  1802,  vol.  ii.  octavo  series,  p.  76,  entitled,  “Methods  for 
diminishing  the  irregularities  of  Time-pieces,  arising  from  differences 
in  the  arc  of  vibration  of  the  Pendulum,"  he  has  assigned  several 
causes  for  the  changes  that  take  place  in  the  arcs  of  vibration,  and 
proposed  different  methods  to  prevent  them.  But  no  notice  whatever 
is  taken  of  the  motion  communicated  to  the  air  by  the  pendulum.  M. 
Berthoud  mentions,  in  the  first  volume  of  his  Essai , published  in 
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170*3,  No.  642,  that  the  air  put  in  motion  by  the  vibrations  of  the 
pendulum,  acts  against  the  weight  of  the  clock,  so  as  to  set  it  in 
motion ; and  that  this  will  in  its  turn  gradually  diminish  the  motion  of 
the  pendulum  until  it  stops  it  altogether.  This  takes  place  more 
readily  when  the  weight  hangs  by  a single  line  than  when  it  is  sus- 
pended by  a pulley  and  double  line.  This  fact,  it  must  be  confessed, 
had  either  been  overlooked  by  us,  or  had  entirely  escaped  our  memory. 
Month  clocks,  from  stopping  frequently,  have  long  been  very  trouble- 
some to  clockmakers,  who  no  doubt  assigned  for  it  a different  cause 
from  the  true  one.  In  the  old  month  clocks,  the  weights  are  very 
large  and  heavy,  and  the  momentum  of  the  pendulum  very  small,  so 
that  they  were  extremely  liable  to  be  stopped.  But  in  clocks  where 
the  pendulum  has  even  a considerable  momentum,  this  agitation  of  the 
air  will  be  sufficient  to  stop  them  altogether. 

Having  been  called  upon  to  examine  a good  astronomical  regulator 
of  Graham’s  which  had  stopped,  and  which  belonged  to  a nobleman  in 
the  neighbourhood  of  Edinburgh,  we  informed  the  man  who  was  sent 
to  put  it  in  order,  that  he  would  find  the  weight  opposite  to  the  pen- 
dulum ball ; which  was  actually  found  to  be  the  case.  In  general,  all 
month  clocks  will  be  observed  to  stop  under  similar  circumstances. 


CHAPTER  XIX. 

Sympathy  or  Mutual  Action  of  the  Pendulums  of  Clocks. 

It  is  now  nearly  a century  since  it  was  known,  nay,  it  is  much 
longer,  for  this  was  known  even  to  Huygens,  and  has  been  observed 
by  many  since  his  time,  that  when  two  clocks  are  set  agoing  on 
the  same  shelf,  they  will  disturb  each  other; — that  the  pendulum 
of  the  one  will  stop  that  of  the  other;  and  that  the  pendulnm 
which  was  stopped  will,  after  a while,  resume  its  vibrations, 
and  in  its  turn  stop  that  of  the  other  clock,  as  was  observed  by  the 
late  Mr.  John  Ellicott.  When  two  clocks  are  placed  near  one  another, 
whose  cases  are  very  slightly  fixed,  or  when  they  stand  on  the  thin 
boards  of  a floor,  it  has  been  long  known  that  they  will  effect  a little 
the  motions  of  each  other’s  pendulum.  Mr.  Ellicott  observed,  that 
two  clocks  resting  against  the  same  rail,  which  agreed  to  a second  for 
several  days,  varied  1'  36"  in  24  hours  when  separated.  The  slower 
having  a longer  pendulum,  set  the  other  in  motion  in  16-J-  minutes, 
and  stopped  itself  in  36|  minutes.  It  never  could  have  been  supposed, 
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however,  that  when  very  strong  fixtures  were  made,  it  was  possible 
for  any  thing  of  this  kind  to  take  place.  About  ten  years  ago,  in 
a room  where  astronomical  clocks  were  placed  under  trial,  two 
strong  deal  planks  were  firmly  nailed  to  a tolerably  stout  brick  wall 
or  partition,  the  ends  of  the  planks  being  jambed  between  the 
adjoining  partitions.  The  planks  were  6 feet  long,  6 inches  broad, 
and  lfths  of  an  inch  thick.  One  of  them  was  placed  behind  the 
suspension,  and  the  other  behind  the  balls  of  the  pendulums.  The 
pendulums  were  suspended  on  strong  massy  cocks,  partly  of  brass 
and  partly  of  iron,  which,  with  the  backs  of  the  cases,  (one  of  which  was 
of  very  hard  oak,)  were  firmly  screwed  to  the  upper  plank,  the  middle 
of  the  cases  to  the  lower  one,  the  bottoms  being  free  and  independent 
of  the  floor.  Two  clocks,  whose  pendulums  were  nearly  of  equal 
length  and  weight,  and  whose  suspensions  were  distant  from  each 
other  about  two  feet,  kept  so  unaccountably  close  together  for  the 
greater  part  of  twelve  months,  as  to  become  a matter  of  considerable 
surprise.  When  the  cold  weather  commenced  in  November,  they  made 
a small  deviation  from  one  another  for  a few  days,  and  then  resumed 
the  same  uniformity  which  they  had  before.  An  account  of  this 
was  published  in  Mr  Tilloch’s  Philosophical  Magazine,  where 
the  observations  of  M.  de  Luc,  which  seem  to  have  been  a ver^ 
near  approach  to  the  cause,  were  inserted  by  way  of  reply.  The  pen- 
dulum which  was  at  one  of  the  clocks,  was'  of  Ward’s  kind.  On  its 
being  taken  away,  a gridiron  one  was  put  in  its  place ; but  with  this, 
which  was  longer  than  Ward’s,  the  clocks  could  never  be  brought  to 
the  same  time  as  before.  Their  arcs  of  vibration  continually  varied, 
and  no  satisfactory  going  could  be  obtained  from  them,  although 
we  were  well  aware  that  they  were  competent  to  have  given  a very 
different  performance.  The  gridiron  pendulum  clock  was  one  of  the 
best  possible  in  its  execution,  and  had  one  of  the  best  recoiling 
escapements  we  have  ever  seen  or  made.  The  clock  was  taken  from 
its  case,  to  have  a escapement  of  a different  kind  put  to  it.  In  the 
meanwhile,  the  pendulum  being  left  hanging  in  its  place,  was 
observed  to  be  in  motion,  which  was  at  first  imputed  to  some  shaking 
of  the  house.  On  being  stopped,  it  got  again  into  motion,  and  upon 
observing  it  narrowly,  it  was  found  not  to  be  in  such  a direction  as 
any  shaking  of  the  house  could  produce,  swinging  quite  in  time  with 
the  pendulum  of  the  going  clock,  the  two  pendulums  mutually 
receding  and  approaching  each  other.  The  cure  was  instantly 
obvious;  and  after  the  upper  plank  was  sawed  through  between  the 
clocks,  the  pendulum  became  in  a little  while  dead  and  still.  The 
arc  in  which  it  vibrated  was  about  twelve  minutes  of  a degree  on 
each  side  of  the  point  of  rest,  which  was  nearly  about  the  greatest 
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extent  of  variation  in  the  arcs  of  the.  two  pendulums.  It  would  bo 
impossible  to  make  two  clocks  go  closely  together,  in  any  other  situa- 
tion than  the  one  which  has  been  mentioned. 

After  the  plank  was  cut  through,  the  going  clock  was  observed  to 
be  losing  nearly  at  the  rate  of  a second  and  a half  a day;  and  if  the 
clock  which  kept  so  long  in  unison  with  it  had  been  tried  under  the 
same  circumstances,  it  is  probable  that  the  rate  would  have  been  found 
to  be  fast.  The  rate  they  had  for  a period  of  eight  or  nine  months  or 
more,  when  they  went  close  together,  did  not  exceed  two-tenths  of 
a second  fast  a-day,  and  this  may  have  been  a mean  of  the  natural 
rate  of  each  pendulum,  if  it  may  be  so  expressed ; that  is,  suppose  one 
clock  was  going  slow  1.5  second  per  day,  the  other  fast  1.7  second, 
there  will  be  two-tenths  of  a second  left  for  the  acceleration  of  both, 
which  seems  to  be  the  only  way  of  explaining  this  phenomenon. 

Subsequent  trials  with  these  two  clocks,  in  still  more  detached  situa- 
tions, have  given  rise  to  an  idea,  that  it  is  probable  and  seemingly  pos- 
sible, that  two  clocks,  fixed  as  these  were,  where  the  pendulums  affected 
each  other,  could  be  made  to  keep  a rate  of  time  much  nearer  than 
any  clock  singly  could  do.  It  is  the  opinion  of  an  eminent  foreign 
artist,  that  a few  clocks,  placed  in  this  way,  would  communicate  the 
motion  of  their  pendulums  to  each  other,  till  they  came  all  at  last  to 
beat  at  the  same  instant. — We  entertain  no  doubt  of  this  opinion. 


CHAPTER  XX. 

On  Turret  Clocks. 

We  have  frequently  seen  turret  clocks  put  up  in  places  where  no 
advantage  was  taken  of  the  length  of  fall  for  the  weights,  which 
either  did  not  descend  through  the  whole  height,  or,  if  they  did,  the 
ropes  had  a second  rewinding,  as  it  were,  on  the  barrel.  Hindley, 
who  was  certainly  a man  of  genius,  and  whose  turret  clocks  were 
perhaps  unequalled  in  regard  to  their  execution,  though  defective, 
from  no  advantage  being  taken  of  the  fall,  made  them  all  with  barrels 
of  a small  diameter,  and  of  such  a length  as  to  admit  almost  any 
number  of  turns,  so  that  they  could  be  placed  in  any  situation, 
whether  with  propriety  or  not.  We  shall  therefore  lay  down  such 
rules,  that  a clockmaker  may  fit  up  a turret  clock  suited  to  any  given 
fall  for  the  weights. 

Suppose  that  the  height  of  fall  for  the  weights  is  25  feet,  and  that 
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the  clock  is  required  to  go  eight  days  without  being  wound  up,  and 
with  a single  line  to  the  weight,  that  is,  with  no  pulley  for  the  weight 
to  hang  on, — we  may  allow  12  inches  for  what  the  weight  will  take. 
This  reduces  the  length  of  fall  to  24  feet;  allowing  16  turns  of  the 
barrel  to  give  8 days  going,  and  dividing  the  24  feet  of  fall  by 
16,  we  shall  have,  for  length  of  the  rope,  18  inches  for  one  turn  of 
the  barrel.  To  find  the  diameter  of  the  barrel,  we  say,  as  355  for 
the  circumference  is  to  a diameter  of  113,  so  is  the  circumference  18 
inches  of  the  barrel  to  its  required  diameter,  which  will  be  found  to 
be  5.73  inches  nearly.  But  this  diameter  would  be  too  large,  since 
the  diameter  of  the  rope  must  be  taken  into  account;  for  the  true 
diameter,  or  that  which  is  necessary  to  run  out  the  fall,  must  be 
taken  at  the  centre  of  the  rope  when  wound  round  the  barrel.  Allow- 
ing the  diameter  of  the  rope  to  be  half  an  inch,  then  taking  this  from 
5.73  inches,  we  shall  have  for  the  proper  diameter  of  the  barrel  5.23 
inches.  Having  now  obtained  the  diameter  of  the  barrel,  its  length, 
between  the  ends,  may  easily  be  found.  Sixteen  turns  of  the  barrel, 
the  number  wanted  to  produce  eight  days  going,  and  a rope  of  half 
an  inch  in  diameter,  will  require  eight  inches;  but  as  the  coils  of 
the  rope  cannot  lie  quite  close  to  each  other,  we  may  allow,  for  free- 
dom, one  inch  and  a quarter;  consequently,  if  the  barrel  is  made 
9.25  inches  in  length  between  the  ends,  it  will  be  sufficiently  long. 
For  the  striking  part,  a rope  of  half  an  inch  in  diameter  will  be 
strong  enough;  and,  as  one  of  a considerably  smaller  diameter,  even 
one-half,  would  suit  the  going  part,  the  going  barrel  may  be  made 
shorter.  If  the  clock  should  be  made  to  go  by  a double  line  and 
pulley,  then  the  diameter  of  the  barrels  will  require  to  be  the  double 
of  5.23  inches,  or  10.46  inches.  Or  if  the  fall  is  only  13  or  14 
feet,  then  the  barrels  of  5.23  inches  in  diameter  would  do,  by  means 
of  a pulley.  The  diameter  of  the  pulley  will  in  part  lessen  the 
length  of  the  fall,  and  in  place  of  12  inches,  we  may  now  deduct 
16  inches,  or  so,  from  the  fall,  on  account  of  the  length  taken  up  by 
the  weight  and  pulley;  but  this  trifling  circumstance  requires  little 
accommodation  on  the  part  of  the  clockmaker.  Taking  then  the 
diameter  of  the  barrel  at  10.46  inches,  in  order  to  ascertain  what 
diameter  the  barrel  ends  and  the  great  wheel  ought  to  have,  the  rope 
beimj  half  an  inch  in  diameter,  twice  this  added  to  the  barrel's  dia- 
meter  will  make  it  1 1 .46  inches,  but,  for  the  sake  of  even  numbers, 
let  it  be  taken  at  1 1 inches  and  a half  for  the  diameter  of  the  plain 
barrel  end;  an  additional  inch,  or  12.5  inches  in  diameter  for  the 
barrel  ratchet  end  ought  to  do,  unless  when  the  barrel  ratchet  is  put 
on  the  barrel  end,  and  within  its  diameter,  as  is  sometimes  done,  in 
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order  to  have  the  great  wheel  of  a less  diameter  than  it  otherwise 
would  be,  when  the  barrel  ratchet  end  is  done  in  the  usual  way.  The 
centre  of  motion  of  the  ratchet  and  click  need  not  be  more  distant 
from  the  top  of  the  ratchet  than  half  an  inch,  or  at  most  .6  of  an 
inch,  and  .75  of  an  inch  more  than  this  for  the  breadth  of  the  wheel 
rim,  including  the  teeth.  The  semi-diameter  of  the  barrel  ratchet 
end  is  6.25  inches;  to  this  being  added  .6  of  an  inch,  and  .75  of  an 
inch,  we  shall  have,  for  the  semi-diameter  of  the  great  wheel  7.6  inches, 
or  its  diameter  15.2  inches.  The  diameter  of  the  great  wheel  being 
thus  obtained,  we  may  get  the  circumference  by  saying,  as  113  is  to 
355,  so  is  15.2  to  the  circumference  required,  which  is  found  to  be 
47.75  inches;  this  divided  by  240,  the  double  of  the  number  of  the 
teeth  proposed  to  be  put  into  the  great  wheel  of  the  going  part,  we 
have  for  the  breadth  of  each  tooth  and  each  space  0.199  of  an  inch, 
or  nearly  .2  of  an  inch.  It  is  perhaps  advisable  to  have  the  space  a 
very  small  degree  less  than  what  is  here  given ; the  teeth  will  then  be 
somewhat  more  than  .2  of  an  inch  in  breadth.  By  taking  small  tem- 
porary segments  of  thin  brass,  having  the  same  radii  as  the  wheel,  and 
cutting  them  from  the  proposed  number  on  the  cutting  engine,  they 
will  lead  us  to  form  an  idea  of  the  strength  that  the  teeth  may  have. 
Indeed,  this,  and  calculation  together,  ought  to  go  hand  in  hand,  and 
iSs  the  way  that  any  ingenious  clockmaker  ought  to  adopt,  if  his  object 
is  to  have  the  best  possible  contrivance  in  the  construction  of  any  piece 
of  work  in  which  he  may  be  engaged. 

As  it  is  of  consequence  to  have  length  of  pendulum,  it  should  be 
adopted  when  the  clock  is  in  such  a situation  as  to  allow  its  being 
applied.  We  recommend  one  of  20  feet  5 inches  in  length,  which 
would  have  almost  as  much  dominion  over  the  clock  as  those  made  by 
Hindley  of  52  feet  4 inches,  and  could  be  more  easily  made.  The 
wheels  72,  50,  and  24,  the  pinions  12  and  10,  gave  24  vibrations  in  a 
minute,  each  oscillation  being  equal  to  two  seconds  and  a half. 

If  it  is  proposed  to  have  the  pendulum  of  such  a length  as  to  swing 
30  beats  in  a minute,  the  swing  wheel  having  30  teeth,  and  the 
pinions  10  each;  then  the  numbers  for  the  teeth  of  the  second  and 
third  wheels  will  be  60  and  50,  and  the  length  of  the  pendulum 
156*8  inches;  where  twenty  feet  or  upwards,  for  length  of  fall,  and 
strength  of  clock  can  be  obtained,  a shorter  pendulum  than  this  should 
never  be  adopted.  The  diameter  of  the  second  wheel  may  be  made 
half  of  that  of  the  great  wheel,  or  even  a little  less;  however,  we 
may  safely  take  it  at  the  half,  viz.  7.6  inches,  as  it  is  to  be  cut  into 
half  the  number  of  teeth,  and  being  considerably  thinner  than  the 
great  wheel,  the  teeth  will,  notwithstanding  this,  be  sufficiently  strong 
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for  the  force  exerted  on  them.  The  third  wheel  having  50  teeth,  and 
the  force  exerted  on  them  being  considerably  less  than  that  on  the 
second  wheel,  we  may  obtain  the  diameter  of  the  third  wheel,  by  first 
taking  the  proportion  of  60  to  50,  and  then  making  the  diameter 
somewhat  less  than  the  first  proportion  would  give,  because,  were  the 
teeth  cut  on  this  diameter  as  given,  they  would  be  as  strong  as  those 
of  the  second  wheel.  We  then  say,  as  60  teeth  is  to  its  diameter 
of  7.6  inches,  so  is  50  teeth  to  the  diameter  required,  which  is  found 
to  be  six  inches.  Taking  six  inches  in  the  compasses,  and  applying 
them  to  the  legs  of  any  sector  that  has  a line  of  equal  parts,  both 
legs  of  the  sector  being  extended  till  the  points  of  the  compasses  fall 
exactly  on  50,  set  the  compasses  to  the  number  45,  which  will  give 
a distance  suitable  for  the  diameter  of  the  third  wheel.  This  will  be 
found  to  be  5.5  inches  nearly,  and  if  the  swing  wheel  is  made  five 
inches  in  diameter,  it  will  do  very  well;  it  ought  to  be  made  pretty 
thick,  so  as  the  teeth  may  have  a broad  bearing  on  the  pallets,  and  if 
two  small  holes  are  drilled  through  near  to  their  points,  making  equal 
portions  or  spaces  there,  these  will  contribute  much  to  keep  a good 
quantity  of  oil  on  them  for  a considerable  time. 

The  barrels  both  in  the  going  and  striking  parts  being  made  equal 
in  diameter,  and  each  performing  a revolution  in  12  hours,  we  now 
proceed  to  make  out  proper  numbers  for  the  striking  part,  and 
diameters  for  the  great  wheel,  the  pin  wheel,  and  the  tumbler  wheel; 
this  last  we  shall  also  make  use  of  as  a fly  wheel.  The  diameter  of  the 
barrels  being  equal,  the  great  wheels  also  may  be  equal,  and  the 
diameter  of  the  striking  great  wheel  will  be  15.2  inches.  The  num- 
her  of  blows  which  the  hammer  must  make  in  12  hours,  can  be 
obtained  by  a very  simple  rule.  The  first  blow  ] , being  added  to  the 
last  blow  12,  will  make  13,  and  13  multiplied  by  6,  half  of  the  num- 
ber 12,  will  give  78  for  the  number  of  blows  required  during  one 
revolution  of  the  great  wheel  and  barrel.  The  great  wheel  of  the 
striking  part  will  require  to  have  rather  stronger  teeth  than  those  of 
the  great  wheel  of  the  going  part,  because  there  is  a stronger  rope  and 
a heavier  weight  applied  against  them,  in  order  to  raise  as  much  weight 
of  hammer  as  may  be,  so  as  to  bring  a sufficient  sound  from  the  clock 
bell,  (a.)  The  pin  wheel  pinion  being  10,  and  the  wheel  64,  having 
eight  lifting  pins  in  it  for  the  hammer  tail,  the  number  of  teeth  in  the 
great  wheel  which  will  be  necessary,  so  that  one  turn  of  it  may  pro- 
duce 78  blows,  may  be  either  98  or  100. 

Suppose  we  take  98  for  the  number  of  teeth,  98  divided  by  10, 
the  number  in  the  pin- wheel  pinion,  the  quotient  will  be  9.8,  which, 
multiplied  by  8,  the  number  of  pins  in  the  pin  wheel,  will  give  78.4 
for  the  number  of  blows  for  one  revolution  of  the  great  wheel.  If 
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the  great  wheel  should  have  100  teeth,  this,  divided  by  10,  will  give 
10,  and  this  again  multiplied  by  8,  will  give  80  for  the  number  of 
blows  during  one  turn  of  the  barrel ; either  of  these  numbers  for  the 
teeth  of  the  striking  great  wheel  would  do  very  well.  If  we  take  98, 
and  as  the  pin  wheel  is  to  have  64  teeth,  we  may  find  a proper 
diameter  for  it,  so  that  the  teeth  may  be  nearly  about  the  same  size  as 
those  of  the  great  wheel.  Say  as  98,  the  number  of  teeth  in  the 
great  wheel,  is  to  15.2  inches,  its  diameter,  so  is  64,  the  number  of 
teeth  required  in  the  pin  wheel,  to  a diameter  required  for  it,  which 
will  be  found  to  be  9.9  inches. 

The  pin  wheel,  having  64  teeth,  and  8 lifting  pins  in  it,  the  tum- 
bler wheel  pinion,  which  makes  one  revolution  for  every  blow  of  the 
hammer,  must  have  8 teeth  or  leaves  in  it.  The  diameter  of  the 
tumbler  wheel  must  be  considerably  smaller  than  that  of  the  pin 
wheel,  and  this  will  depend  on  the  number  of  teeth  it  ought  to  have, 
on  the  number  of  leaves  in  the  fly  pinion,  and  on  the  number  of  the 
revolutions  which  the  fly  pinion  is  to  make  for  every  blow  of  the 
hammer.  The  less  the  number  of  revolutions  given  to  the  fly  pinion 
during  one  blow  of  the  hammer,  the  less  will  the  striking  part  be 
under  the  influence  of  oil.  But  few  turns  in  the  fly,  require  it  to  be 
considerably  extended  in  the  wings  or  vanes,  and  this  demands  some 
ingenuity  and  address  in  the  clockmaker  to  carry  them  out,  so  that 
they  shall  be  conveniently  clear  of  every  part  of  the  clock.  When 
the  arms  of  the  fly  are  extended,  the  wings  or  vanes  can  be  consi- 
derably diminished  in  surface;  and  a little  weight  may  be  given  them, 
so  that  when  once  the  fly  is  set  in  motion  it  will  not  easily  stop.  The 
construction  of  the  fly,  and  of  the  fly  pinion,  has  hitherto  been  injudi- 
cious. The  flys  commonly  applied  to  turret  clocks  were  too  heavy,  the 
wings  or  vanes  were  too  broad,  they  made  too  many  revolutions,  and 
the  fly  pinion  was  not  so  properly  sized  as  it  might  be:  for  it  must  be 
considered  that  it  acts  not  merely  as  being  driven,  but  it  must  some- 
times act  as  a leader.  For  although  the  tumbler  wheel,  or  fly  wheel, 
which  turns  the  fly  pinion,  acts  as  a driver,  yet,  from  the  nature  and 
application  of  the  fly  pinion,  and  fly  to  regulate  the  velocity  of  the 
striking,  the  fly  pinion,  from  the  acceleration  which  it  will  acquire, 
must  sometimes  act  as  a leader,  so  that  the  size  of  the  fly  pinion 
ought  to  be  a mean  between  the  size  of  a leader  and  that  of  being 
driven.  If  the  pinion  is  made  too  large,  or  the  size  of  a leader, 
th  wheel  teeth  in  driving  it  would  be  apt  to  butt  on  the  pinion ; 
and  if  made  too  nicely,  to  be  driven,  it  could  hardly  ever  act  as  a 
leader,  as  here  the  pinion  would  butt  on  the  wheel  teeth;  this  then 
is  the  reason  of  keeping  it  to  the  mean  size  of  the  two,  which  will  be 
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found  to  have  a good  effect.  The  arms  of  the  fly  may  be  about  26 
inches  in  length. 

The  number  of  the  revolutions  of  the  fly  pinion  for  one  blow  of 
the  hammer  is  not  arbitrary ; in  some  clocks  the  fly  may  make  twenty 
revolutions,  in  some  more  and  in  some  less.  When  the  revolutions 
are  few,  and  the  acceleration  of  the  fly  fit  to  carry  forward  in  a small 
degree  the  striking,  it  may  appear  to  strike  faster  towards  the  end  of 
a long  hour,  but  it  will  require  a nice  ear  to  perceive  it.  We  have 
made  the  fly  pinion  to  have  only  four  turns  for  one  blow  of  the  ham- 
mer, which  answered  extremely  well,  so  that  the  tumbler  wheel  will 
require  40  teeth,  supposing  the  fly  pinion  to  have  10.  If  we  take  the 
ratio  of  the  pin  wheel  of  64  to  its  diameter  9.9  inches,  then  the 
tumbler  wheel  of  40  would  have  its  diameter  6.25  inches,  the  teeth 
would  then  be  of  the  same  size  or  strength  with  those  of  the  pin 
wheel;  but  this  is  not  requisite,  as  they  will  bear  to  be  considerably 
diminished  in  size,  and  if  the  diameter  of  the  tumbler  wheel  is  nearly 
5.5  inches,  the  teeth  will  be  sufficiently  strong.  In  this  striking  part 
there  is  no  fly  wheel  and  pinion. 

The  locking  of  the  striking  part  of  turret  clocks  requires  safe  and 
good  mechanism.  That  which  Hindley  used  is  very  ingenious,  and 
was  adopted  in  the  clock  made  for  St  Andrew’s  Church  in  Edin- 
burgh; yet,  from  foulness  of  oil  or  dirt,  it  is  liable  to  misgive,  and 
in  attempting  to  rectify  it,  the  ignorance  or  carelessness  of  workmen 
is  apt  to  increase  the  evil.  The  nicety  of  this  locking  lies  in  the 
pins  of  the  count-wheel,  whose  office  is  to  raise  up  the  locking-lifter, 
and  pass  it  at  the  same  time.  The  locking  which  is  here  proposed, 
is  by  means  of  two  pins  or  detents  on  the  fly  pinion  arbor,  one  of 
which  is  for  locking  on,  and  the  other  is  a detainer,  while  the  striking 
is  on  warning.  In  this  motion  work,  we  have  a rack,  having  teeth 
on  the  inside  as  well  as  on  the  outside;  the  tumbler  raises  the  rack 
by  means  of  the  inside  teeth,  the  rack-catch  acts  by  those  on  the  out- 
side, and  is  concentric  with  the  hour  lifting  arm,  or  that  which  dis- 
charges the  striking;  but  both  move  freely  and  independently  of  each 
other.  When  the  rack  is  on  the  lifting  of  the  last  tooth  by  the  tum- 
bler, a pin  which  is  in  the  *ack  carries  forward  the  end  of  a lever  or 
arm.  Concentric  with  this  arm,  and  fixed  with  it,  another  arm  pre- 
sents itself  (at  the  .same  instant  when  the  pin  in  the  rack  has  carried 
the  arm  forward)  to  a pin  or  detent  on  the  fly  pinion  arbor,  and  here 
the  striking  is  locked.  The  pin  in  the  minute  wheel,  on  raising  up 
the  hour  lifting  arm,  raises  at  the  same  ^ime  the  rack  catch,  and  con- 
sequently allows  the  rack  to  fall,  and  the  pin  from  the  fly  pinion 
arbor,  which  before  this  was  locked,  gets  disengaged;  and  here  the 
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striking  would  go  improperly  on,  but  another  arm,  which  is  con- 
nected with  the  hour  lifting  arm,  presents  itself  to  the  other  detent 
on  the  fly  pinion  arbor,  and  detains  it  till  such  time  as  the  lifting  arm 
drops  off  from  the  pin  in  the  minute  wheel,  and  then  the  striking 
being  at  liberty  goes  on,  and  is  again  locked  when  the  pin  in  the  rack 
is  made  to  move  one  of  the  locking  arms  forward.  This  locking  is  sure 
and  safe,  and  very  easily  executed.  It  was  contrived  for  one  of  the 
clocks  at  Annan. 

The  pins  of  the  pin -wheel  ought  to  be  pretty  stout,  and  one-half 
of  their  diameters  should  be  cut  away,  so  as  to  allow  the  hammer  tail 
to  drop  off  freely,  causing  as  little  loss  as  possible  of  the  force  of  the 
weight.  Some  have  made  very  slender  pins,  and  strengthened  them 
by  their  opposite  ends  being  fixed  in  a small  circular  rim  or  ring  over 
them ; but  small  pins  are  apt  to  tear  and  wear  away  the  acting  part 
of  the  hammer  tail.  The  hammer  tail  may  be  so  constructed  that 
it  begins  to  raise  the  hammer  head  when  the  lever  by  which  it  acts 
is  at  its  maximum  length,  the  head  having  then  a more  horizontal 
position  than  when  it  is  afterwards  raised  up.  The  principle  laid 
down  here  of  the  striking,  &c.,  was  adopted  and  put  in  execution 
in  the  two  turret  clocks  which  we  made  for  the  royal  burgh  of 
Annan,  and  which  are  not  equalled  by  any  turret  clock  in  the  island. 
The  frames  of  these  clocks  are  so  constructed,  and  the  wheels  so 
disposed,  that  any  wheel  can  be  separately  lifted  out  of  the  frame, 
without  either  taking  it  to  pieces,  or  removing  any  of  the  other 
wheels. 

The  diameters  of  the  wheels  and  the  length  of  the  barrels  being 
determined,  we  may  thence  fix  upon  the  length  and  breadth  of  the 
clock  frame,  which  is  proposed  to  be  rectangular,  and  the  wheels 
lying  all  nearly  in  a horizontal  position,  making  it  of  such  dimensions 
as  not  to  pinch  any  part  of  the  work,  nor  yet  to  have  a superabun- 
dance of  room.  Beginning,  then,  with  the  going  part: — The  great 
wheel  being  15.2  inches  in  diameter,  and  having  120  teeth,  and  the 
pinion  which  it  drives  10,  we  know  that  the  distance  of  their  centres 
will  be  8.081,  or  8.1  inches  nearly.  We  also  know,  that  in  the  case 
of  the  second  wheel  of  7.6  inches  in  diameter,  and  60  teeth  driving 
the  third  wheel  pinion  of  10,  the  distance  of  their  centres  must  be 
4.273  inches.  In  like  manner,  we  get  the  distance  of  the  centres  of 
the  third  wheel,  and  swing-wheel.  The  diameter  of  the  third  wheel 
is  5.500  inches;  the  swing-wheel  pinion  being  10,  we  have  for  the 
distance  of  their  centres,  3.158  inches.  By  taking  these  distances, 
and  adding  them  together,  with  the  semi-diameters  of  the  great  and 
swing-wheels,  we  shall  have  the  space  that  would  be  required  to  con- 
tain the  going  part 
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Inches 

From  the  centre  of  the  great  wheel  to  that  of  the  second  wheel  8.081 
From  the  centre  of  the  second  wheel  to  that  of  the  third  wheel  4.273 
From  the  centre  of  the  third  wheel  to  that  of  the  swing  wheel  3.158 
The  semi-diameter  of  the  swing  wheel,  - - 2.5 

The  semi-diameter  of  the  great  wheel,  - - 7.6 


25.612 

So  that  it  requires  2 feet,  1 inch  6 tenths,  and  a very  little  more,  to 
contain  the  going  part. 

By  proceeding  in  the  same  manner,  we  shall  find  the  distance  of 
the  centres  of  the  wheels  in  the  striking  part  to  be  as  follows : 

Inches. 

From  the  centre  of  the  great  wheel  to  that  of  the  pin 

wheel,  ------  8.1875 

From  the  centre  of  the  pin  wheel  to  that  of  the  tumbler 

wheel,  ------  5.6815 

From  the  centre  of  the  tumbler  wheel  to  that  of  the  fly 

pinion,  ------  3.2544 

Semi-diameter  of  tumbler  wheel,  - - 2.75 

Ditto  of  the  great  wheel,  - - - - 7.6 

27.4734 

To  which  add  the  space  required  for  the  going  part,  25.612 


Gives  for  inches,  53.0854 

The  length,  then,  required  to  contain  the  going  and  striking  parts, 
is  about  4 feet  5 inches,  being  the  inside  length  of  the  frame. 

The  width  inside  of  the  frame,  depends  on  the  length  of  the  bar- 
rels, the  thickness  of  the  ends,  and  of  the  great  wheels,  &c.  The 
striking  barrel  being  the  longest  we  must  take  the  length  given  for 
it,  which  was  determined  to  be  9.25  inches  between  the  ends.  Al- 
low one  quarter  of  an  inch  or  so  for  the  thickness  of  the  plain  end, 
and  half  an  inch  for  that  of  the  ratchet  end,  and  about  3-4ths  of  an 
inch  or  so  for  the  thickness  of  the  great  wheel,  these  being  1.5  inch, 
which,  added  to  the  length  of  the  barrel,  makes  10.75  inches.  The 
pin  wheel  is  supposed  to  run  behind  the  great  wheel,  having  a pro- 
per freedom  between  them,  the  pins  for  lifting  the  hammer  tail  being 
on  the  opposite  side  of  the  pin  wheel,  and  the  plain  barrel  end  hav- 
ing a sufficient  freedom  of  the  front  bar  of  the  clock  frame.  We  shall 
call  this  freedom  about  .3  of  an  inch,  and  as  much  for  the  freedom  of 
pin  wheel  and  great  wheel ; the  thickness  of  the  pin  wheel  about  .4 
of  an  inch,  or  a very  little  more;  the  height  of  the  pins  from  the 
surface  of  the  pin  wheel  about  .6  or  .7  of  an  inch. 
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The  length  of  the  barrel,  with  its  additions,  was, 
Freedom  of  plain  barrel  end,  - 

Ditto  of  great  and  pin  wheels,  - 
Thickness  of  pin  wheel,  - 
Height  of  pin  wheel  pins,  - 

And  take  the  distance  of  their  tops  from  the  side  ba 
frame  at 


395 

inches. 

10.75 

- 

O 

.0 

- 

.3 

- 

.45 

- 

.7 

r of  the 

1.25 

Inches, 

13.75 

By  this  it  appears  that  the  distance  between  the  bars  of  the  frame 
inside,  will  require  to  be  13.75  inches.  The  side  bars,  one  on  each 
side  of  the  frame,  are  of  forged  iron,  above  four  inches  in  breadth, 
and  .4  of  an  inch  thick,  having  at  the  ends  a sort  of  thickness  left 
there,  so  as  to  form  a shoulder,  and  beyond  the  shoulders  are  tenons, 
not  quite  so  thick  nor  so  broad  as  the  bars  themselves;  these  tenons, 
about  4.5  or  5 inches  long,  are  fitted  into  a rectangular  hole,  in  the  cast 
iron  part  of  the  frame,  which  compose  the  ends  of  it.  The  ends  of 
the  tenons  are  sometimes  formed  into  two  screws,  each  having  nuts 
to  bind  them  against  the  shoulders,  and  with  the  cast  iron  ends:  or 
having  sometimes  slits  in  them  to  receive  a strong  iron  wedge  to  bind 
the  shoulders;  either  of  them  will  do  very  well.  The  length  from 
shoulder  to  shoulder  of  the  side  bars  need  not  be  quite  so  much  as 
that  which  has  been  allowed  for  containing  the  going  and  striking 
wheels.  If  this  length  is  4 feet  4 inches,  it  will  be  sufficient;  the 
space  given  by  the  cast  iron  frame  ends  will  more  than  compensate 
what  has  been  deducted  from  the  calculated  length.  The  cast 
iron  ends  are  composed  of  two  sorts  of  pillars,  connected  by  a rect- 
angular bar,  near  5 inches  broad,  and  about  half  an  inch  thick; 
the  length  of  the  rectangular  bar  such  as  to  allow  the  side  bars,  when 
the  tenons  are  into  the  square  part  of  the  pillars,  and  in  the  rectan- 
gular hole  which  is  made  there  to  receive  the  tenons,  that  the  inside 
of  the  side  bars  shall  be  only  distant  from  one  another  13.75  inches. 
The  middle  part  of  the  pillars  is  a square  of  about  3 inches,  and  6 
inches  long;  the  upper  and  lower  ends  of  the  pillars  are  turned  into 
such  a figure  or  shape,  as  the  taste  or  fancy  of  the  artist  may  sug- 
gest. The  middle  of  the  rectangular  hole  which  receives  the  tenons, 
may  be  distant  from  the  lower  end  of  the  pillar  about  1 2 inches ; the 
top  of  the  upper  end  may  be  equally  distant.  This  frame,  if  con- 
structed in  the  manner  which  has  been  directed,  will  be  found  to  be 
strong,  firm,  and  stiff,  and  very  handy  and  convenient,  while  going 
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about  the  making  of  the  clock.  Should  it  be  thought  that  the 
side  bars  from  their  length  may  yield  a little,  a foot  can  easily  be 
attached  to  each,  near  to  the  middle  of  the  bar,  or  any  other  con- 
venient place. 

Nothing  about  a turret  clock  requires  more  skill  and  ingenuity, 
than  to  construct  properly  the  wheel  work  for  setting  off  and  carry- 
ing the  hands  to  the  different  dials,  more  especially  if  there  are  more 
than  two.  The  wheels  for  this  purpose  should  be  as  few  in  number 
as  possible,  having  the  least  allowable  shake  between  the  teeth,  and 
a sufficiency  of  freedom  in  the  end  shakes  of  the  arbors,  and  in  the 
conducting  rods.  Turret  clocks,  with  four  dials  and  hour  and 
minute  hands  to  each,  were  formerly  but  seldom  made.  The  town 
clock  of  Edinburgh  has  four  dials,  with  hour  and  minute  hands  to 
each,  which  we  put  to  it  in  the  year  ] 795.  It  is  an  excellent  speci- 
men of  this  sort  of  mechanism.  Hooke’s  joint  has  been  found  very 
useful  in  the  conducting  rods  for  the  dial  work ; but  where  any  oblique 
direction  is  given  to  the  rods,  Hooke’s  joint  will  make  the  hand 
rather  to  go  irregular,  making  the  hand  more  forward  at  one  part, 
and  more  behind  at  another  than  it  ought  to  be.  In  large  turret 
clocks  which  have  minute  and  hour  hands,  the  wind  and  weather  give 
a very  severe  trial  to  the  dial-work  and  wheels,  and  such  clocks  are 
in  general  very  much  exposed  to  this.  In  the  clock  which  we  have 
been  planning,  the  second  wheel  pinion  making  one  revolution  in  an 
hour,  is  that  which  must  conduct  the  dial-work.  Let  that  pivot  of  it 
which  comes  through  the  fore  side  bar  be  left  pretty  thick,  and  pro- 
longed three  or  four  inches  beyond  the  bar  outside.  Two  ways  have 
been  adopted  to  prevent  the  hands  from  changing  their  place  by  any 
force  or  violence,  arising  from  winds  or  any  other  cause.  One  of 
them  consisted  of  a pretty  stiff  or  strong  circular  spring,  keyed  on 
behind  the  minute  wheel;  the  other  consisted  in  putting  on  the 
minute-wheel  arbor,  a wheel  with  square  or  unrounded  off  teeth,  into 
which  teeth  a click  from  the  conducting  wheel  passed  into  the  space 
or  spaces.  We  propose  to  adopt  the  first  of  these  two  methods  at 
present.  On  the  thick  pivot  of  the  second  wheel  pinion,  outside  of 
the  front  bar,  let  a square  be  made  of  .3  of  an  inch  long;  on  this  let 
the  square  socket  of  the  circular  spring  be  well  fitted,  and  the  side  or 
angle  marked  to  corresponds  so  as  to  know  at  all  times  that  which  it 
has  been  originally  fitted  to:  this  spring  may  either  be  of  steel  or 
brass,  and  the  diameter  equal  to  that  of  the  minute  wheel  less  by  the 
teeth.  From  the  square  part  of  the  pivot  let  this  arbor  be  turned 
down,  but  hardly  more  than  what  is  necessary  to  form  an  arbor  nearly 
cylindrical;  the  square  sides  must  not  be  completely  turned  out, 
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otherwise  this  might  render  the  arbor  too  small.  The  diameter  of 
the  minute  wheel  may  be  about  4.5  inches,  and  cut  into  40  teeth; 
on  the  same  socket  with  the  minute  wheel,  let  there  be  a bevelled 
wheel  of  5.5  inches  in  diameter,  and  having  50  teeth,  the  distance 
of  the  back  of  the  bevelled  wheel  from  the  nearest  side  of  the 
minute  wheel  being  about  half  an  inch,  or  .6  of  an  inch.  This 
space  is  to  allow  the  hour  lifting  arm  to  come  in  between  them,  so 
that  the  lifting  pin  in  the  minute  wheel  may  freely  get  hold  of  it; 
the  whole  length  or  height  of  the  socket  may  be  about  3,  or  3.5 
inches,  and  turns  on  the  cylindrical  part,  or  arbor  of  the  pro- 
longed pivot.  Two  other  bevelled  wheels  of  the  same  number  and 
diameter  as  the  other,  are  cocked  on  the  front  bar,  so  as  to  pitch 
with  the  first;  their  arbors  are  disposed  horizontally,  and  at  right 
angles  to  the  socket  of  the  first  bevelled  wheel,  so  that  they  may 
be  connected  with  the  dial  wheels  on  the  two  opposite  dials,  whose 
wheel  and  minute  hands  they  will  conduct.  Over  the  first  bevelled 
wheel,  and  pretty  near  the  inside  of  it,  is  placed  a round  brass  dial, 
having  minute  divisions  and  figures  on  it.  A minute  hand  on  the 
socket,  having  a collet  against  them  pinned  by  the  end  of  the  arbor, 
will  keep  the  minute  wheel  tight  on  the  arbor  by  means  of  the  spring 
behind  it.  When  there  are  four  dials,  then,  in  place  of  the  two  wheels, 
with  their  arbors  horizontally  placed,  let  there  be  one  arbor  placed 
perpendicularly,  on  which  are  fixed  two  bevelled  wheels,  the  upper 
one  of  which  pitches  with  the  first  bevelled  wheel;  the  lower  one, 
whose  lower  pivot  or  arbor  may  be  connected  with  that  of  another, 
which  carries  a bevelled  wheel,  turning  four  others,  all  of  them  in  the 
same  frame:  the  four  wheels,  if  properly  placed,  will  turn  the  four 
minute  arbors  at  the  dials  all  in  their  proper  course  or  direction.  This 
frame  will  require  to  be  placed  a little  below  that  of  the  main  frame 
of  the  clock.  It  is  seldom  that  four  dials  are  wanted,  and  in  most 
instances,  the  two  opposite  generally  suffice.  To  lead  the  snail  wheel, 
or  what  is  generally  though  improperly  called  the  hour  wheel,  let 
another  flat  minute  wheel,  of  the  same  number  of  teeth  and  diameter 
as  the  first,  be  pitched  with  it,  and  whose  arbor  goes  through  the  main 
frame;  and  near  the  edge  of  the  going  great  wheel,  a little  below,  on 
the  left  hand  side,  a cock  on  the  fore  bar  receives  the  wheel  pivot,  and 
the  arbor  is  free  on  the  fore  bar:  the  other  pivot,  which  is  left  pretty 
thick,  turns  in  the  back  bar;  on  the  end  of  this  pivot,  which  is  pro- 
longed a little  way  beyond  the  bar,  is  formed  a lanthorn  pinion  of  4 
or  6,  or  such  a number  as  may  suit  the  number  of  teeth  in  the  snail 
wheel;  or  a pinion  of  a proper  number  having  a prong  to  it,  may  be 
twisted  in  a hole  made  in  the  arbor  to  fit  and  receive  it.  A lanthorn 
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pinion  of  four  will  lead  about  the  snail  wheel  and  snail,  having  a com- 
mon socket;  the  wheel  having  48  teeth  and  7 inches  in  diameter,  and 
turning  on  a stud  in  the  back  bar;  the  rack  is  also  on  a stud  here. 
The  pivot  required  to  have  a lanthorn  pinion  formed  on  the  end  of 
it,  for  a wheel  of  48  teeth,  and  7 inches  in  diameter,  would  be  rather 
too  thick;  so  that  by  keeping  the  pivot  of  a moderate  size,  or  suffi- 
ciently thick  to  have  a hole  in  it  to  receive  the  prong  of  a pinion  of 
6,  and  the  snail  wheel  72,  may  be  a better  way  than  that  which  we 
first  proposed.  The  hour  lifting  arm  and  the  detaining  one  may  be 
formed  or  not  from  one  and  the  same  piece,  and  fixed  on  an  arbor 
which  lies  above  the  great  wheel,  whose  pivots  must  run  in  cocks 
attached  to  the  main  frame;  cocks  are  also  required  for  the  hammer, 
the  verge,  and  pendulum.  The  length  of  the  pendulum  which  we 
have  proposed  for  this  clock,  may  be  thought  by  some  rather  incon- 
veniently long,  which  is  a matter  that  can  very  easily  be  got  the 
better  of,  by  assuming  any  other  lengths,  say  6,  7,  or  8 feet;  either 
of  these  lengths  will  perhaps  have  dominion  enough  over  the  clock; 
but  these  will  require  other  sets  of  numbers  for  the  second  and  third 
wheels,  allowing  the  pinions  to  remain  10  each,  and  the  swing  wheel 
to  have  30  teeth.  The  second  wheel  having  75  teeth,  the  third 
wheel  60,  the  pinions  10  each,  and  the  swing  wheel  30,  the  vibra- 
tions in  a minute  are  45,  the  length  of  pendulum  required  is  5 feet 
9.7  inches.  If  the  third  wheel  of  this  set  be  made  70,  all  others 
remaining  the  same,  the  vibrations  in  a minute  will  be  42,  and  the 
length  of  the  pendulum  6 feet  8 inches;  40  vibrations  in  a minute 
would  require  the  wheels  to  be  too  disproportionate  in  numbers, 
unless  we  were  to  make  one  of  the  pinions  12  in  place  of  10;  the 
wheels  in  this  case  would  be  75  and  64.  In  the  other  they  would 
have  been  80  and  50.  The  length  of  pendulum  is  7 feet  4.2  inches; 
the  vibrations  in  a minute  38;  the  pinions  10  each,  and  the  swing 
wheel  30.  The  wheels  are  75  and  64,  the  length  of  pendulum  8 feet, 
1.73  inches.  Wheels  80,  72,  and  30,  and  pinions  of  12,  will  give  40 
vibrations  in  a minute. 

It  is  certainly  not  requisite  to  give  any  more  examples  of  con- 
structing turret  clocks.  The  one  which  has  been  given  is  sufficient 
to  enable  any  intelligent  artist  to  proceed  in  this  way,  whether  with 
clocks  going  eight  days,  or  with  those  which  require  daily  winding  up. 
There  are  often  great  objections  made  against  the  trouble  of  daily 
winding  up  a turret  clock,  but  when  this  trouble  can  be  submitted  to, 
a clock  of  this  sort  is  decidedly  preferable  to  those  which  go  eight 
days.  Turret  clocks  which  strike  quarters  are  sometimes  made, 
some  of  which  are  done  by  a quarter  rack  and  snail,  and  others  by  a 
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count  wheel.  For  the  description  of  a thirty-hour  clock  of  this  kind, 
put  up  in  the  town-house  of  Paris  in  the  year  1782,  we  refer  to  Ber- 
thoud’s  Histoire  de  la  Mesure  du  Temps  par  les  Horloges.  This  is 
perhaps  one  of  the  finest  public  clocks  in  Europe.  It  was  constructed 
with  much  care  and  expense,  and  is  the  only  one  which  has  enamelled 
dials,  one  of  which  is  above  9 feet  in  diameter. 

Although  not  in  its  proper  place,  we  may  here  remark,  that  where 
four  sets  of  dials  and  dial  work  are  required,  it  would  hardly  be  safe  to 
trust  them  to  a strong  spring  tight  collet  behind  the  minute  wheel.  W e 
would  therefore  propose,  that  the  pivot  of  the  second  wheel  pinion 
be  squared  down,  and  a little  longer  beyond  the  fore  bar  than  what 
was  proposed  for  the  square  of  the  spring;  this  is  for  the  particular 
reason  of  getting  easily  at  a bolt  pin  when  at  any  time  setting  the 
hands.  On  this  square  of  the  pinion  let  the  squared  socket  of  a plain 
wheel  be  very  well  fitted.  This  wheel  is  about  3.6  inches  in  diame- 
ter, and  in  thickness  about  one-fourth  of  an  inch.  The  minute  wheel 
must  have  a sink  in  it,  so  as  to  receive  the  plain  wheel,  but  the  sink 
must  be  more  extended  in  diameter,  to  admit  a skeleton  sort  of  a rim 
of  a wheel  with  forty  teeth  cut  inside  of  it.  This  rim  must  fit  well 
the  inside  of  the  sink  in  the  minute  wheel,  and  be  fixed  to  it,  either 
by  soft  solder,  or  some  other  means.  The  minute  wheel,  in  this  case 
of  the  sink  in  it,  will  require  to  be  thicker  than  in  the  case  of  the 
spring  collet.  A bolt  may  be  lodged  under  a dovetail  slit  made  in 
the  plain  wheel;  in  this  slit,  and  lying  close  to  the  sink,  the  bolt  can 
be  made  to  move  out  or  in  to  the  inside  teeth  on  the  minute  wheel; 
on  the  end  opposite  that  of  the  locking  end  of  the  bolt,  is  fixed  a 
stout  round  pin  or  knob,  for  the  finger  to  pull  out  when  occasionally 
setting  the  hands;  this  pin  serves  also  for  a stout  spring  to  push 
the  bolt  into  its  place  between  the  inside  teeth. 

In  fitting  up  the  dial  work  immediately  behind  the  dials,  it  may 
be  recommended  to  adopt  that  which  was  contrived  and  put  in  prac- 
tice in  the  different  dial- works  of  St.  Andrew’s  church  clock;  on  the 
minute  arbor,  just  by  the  lower  end  of  the  hour  wheel  socket,  is  a 
loose  steel  washer,  which  lies  close  to  the  fore  plate  of  the  dial  work 
frame;  and  should  the  wind  press  the  hour  hand  and  hour  wheel 
socket  down,  it  affects  no  other  part,  but  only  presses  the  washer 
against  the  plate.  Inside  of  the  dial-work  frame,  and  on  the  minute 
arbor,  are  washers  to  prevent  any  binding  on  the  ends  of  the  hour- 
wheel  socket. 

In  the  town  clock  at  Paris,  the  revolutions  of  the  fly  striking  the 
hour,  are  eight  for  every  blow  of  the  hammer;  the  fly  of  the  quarter 
part  makes  four  revolutions  for  every  quarter  hammer  blow,  there 
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being  ten  lifting  pins  on  each  side  of  the  great  wheel,  making  20 
lifts,  the  amount  of  the  quarter  blows  in  an  hour.  The  wings  or 
vanes  of  the  fly  in  this  clock  are  pretty  broad  and  long,  and  can  be  set 
to  take  more  or  less  hold  of  the  air.  The  fly  of  Hindley’s  clock,  in  the 
Orphan  Hospital,  Edinburgh,  makes  4.57  turns  for  every  blow  of  the 
hammer;  but,  from  the  imperfect  construction  of  the  clock,  no  ade- 
quate weight  of  hammer  can  be  raised,  and  hence  a sufficiency  of  sound 
cannot  be  obtained  from  the  bell.  It  has  been  said  that  the  weight 
of  the  hammer  for  this  purpose  should  be  5 pounds  weight  for  every 
100  pounds  in  the  bell.  Turret  clocks  in  general  must  either  have 
their  bells  too  large  for  this  proportion,  or  the  clocks  have  not  been 
made  to  raise  a heavy  enough  hammer.  The  arm  of  the  hammer, 
when  at  rest,  should  hardly  make  an  angle  of  elevation  above  20  de- 
grees, or  24  at  most;  and  in  order  to  get  as  much  mass  of  matter  in 
the  hammer  head,  the  tail  by  which  it  is  raised  should  be  pretty 
long,  and  give  a rise  from  the  bell  as  little  as  possible.  But  this  dis- 
tance of  rise  from  the  bell  must  depend,  among  other  things,  on  the 
length  of  the  arm,  and  on  the  angle  or  length  raised  by  the  pin  wheel 
and  hammer  tail. 

It  was  formerly  proposed  to  fix  on  the  fore  bar  the  small  dial,  to 
which  the  minute  hand  is  set  at,  when  setting  those  of  the  principal 
dials;  but  it  matters  not  whether  a dial  is  fixed  and  the  minute  hand 
is  moveable,  or  the  minute  hand  is  fixed  and  the  dial  moveable. 
Suppose  that,  by  means  of  three  small  and  short  brass  pillars,  fixed 
inside  of  the  bevelled  wheel,  we  now  screw  on  the  tops  of  them  a 
light  round  dial,  having  the  minute  divisions  and  figures  on  it,  and 
the  minute  index  fixed  on  the  fore  bar,  we  can  here  make  the  bevel- 
led wheel  be  turned  about  till  the  minute  index  points  to  the  proper 
minute.  This  mode  will,  besides,  allow  us  to  have  more  convenient- 
ly three  sets  of  dial  work,  that  is,  two  by  the  bevelled  wheels,  whose 
arbors  are  laid  horizontal,  and  the  third  by  connecting  it  with  the 
socket  of  the  first  or  front  bevelled  wheel. 

Where  turret  clocks  are  of  a large  size,  and  have  very  heavy 
weights  applied  to  the  barrels,  they  require  much  force  and  strength 
to  wind  them  up.  In  order  to  remedy  this,  an  apparatus  of  much 
the  same  nature  as  that  which  is  commonly  applied  to  cranes  has  been 
used.  This  consists  of  a wheel,  with  rather  strong  and  coarse  teeth, 
fixed  on  the  barrel  end,  opposite  to  that  where  the  great  wheel  is.  A 
pinion  of  any  number,  on  whose  arbor  a square  to  receive  the  wind- 
ing up  key  is  attached  to  the  clock  frame,  by  means  of  a cock,  &c. 
so  as  to  pitch  with  the  wheel  on  the  barrel  end;  and  by  this  means, 
a considerable  weight  can  be  raised  with  ease,  requiring  much  less 
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exertion,  but  more  time  than  when  the  winding  up  is  performed 
by  the  barrel  arbor.  The  clock  in  the  town-house  of  Paris  is  wound 
up  in  this  manner,  which  is  represented  in  the  drawing  of  Vick’s 
clock,  Plate  1 . I.  The  size  of  the  wheels  and  strength  of  teeth 
may  be  regulated  according  to  the  weight  to  be  wound  up.  The 
weight  of  the  going  part  is  in  all  cases  light,  when  compared  with 
that  which  is  necessary  for  the  striking  part,  in  most  of  these  clocks. 
Besides  the  advantage  of  winding  up  a heavy  weight  with  ease,  this 
method  has  another,  which  is,  that  the  barrel  arbor  pivots  can  be 
used,  either  in  conducting  the  hands,  discharging  the  quarter  or 
striking  parts,  or  turning  count  wheels,  &c.  The  old  way  of  the 
division  of  the  hours  striking  by  the  count  wheels  and  locking  plate, 
and  locking  on  the  hoop  wheel,  does  not  yield  in  ingenuity  to  any 
thing  which  has  been  since  introduced  in  its  place  by  modern  clock- 
makers.  The  only  great  objection  to  the  old  way,  was  the  trouble 
of  making  the  clock  strike  a round  of  eleven  hours  or  so,  when  the 
striking  of  the  hour  not  corresponding  with  the  hands,  took  place 
from  any  accidental  discharge.  It  may  not  be  out  of  its  place  to 
observe  here,  that  the  application  of  the  cord  or  rope  for  the  weight 
should  be  on  that  side  of  the  barrel  which  lies  next  to  the  pinion 
into  which  the  great  wheel  acts,  especially  in  turret  clocks,  as  this 
relieves  the  barrel  pivots  of  a great  degree  of  friction,  which  they 
would  otherwise  undergo  were  the  course  of  the  rope  and  weight  on 
the  opposite  side. 

If  the  barrel  is  made  the  same  diameter  with  that  of  the  great  wheel, 
the  action  of  the  wheel  or  moving  force,  may  be  applied  wholly  or 
nearly  so  on  the  pinion,  by  which  means  the  friction  on  the  barrel 
pivots  will  be  almost  nothing  or  nearly  annihilated.  It  is  but  justice 
to  the  memory  of  Julien  Le  Roy  to  say,  that  he  seems  to  have  been 
the  first  who  takes  notice  of  this.  (See  the  new  edition  of  Sully’s 
Regie  Artificielle  du  Temps,  par  Le  Roy , p.  340.  Paris , 1737.) 
And  Professor  Ludlam,  in  his  correspondence  about  the  Greenwich 
clock  in  1 779,  recommends  it  to  the  attention  of  Mr  Holmes.  See 
the  diagram,  Plate  XIV.  Let  B be  the  barrel,  and  as  large  in  dia- 
meter as  the  great  wheel,  C its  centre,  A is  the  pinion  which  the 
great  wheel  acts  on.  Suppose  the  line  or  cord  to  part  from  the  barrel 
at  A,  and  to  go  downwards;  in  this  case  the  whole  weight  will  rest 
on  the  leaves  of  the  pinion,  and  none  of  it  on  the  centre  0.  Secondly, 
Suppose  the  line  to  part  from  the  barrel,  on  the  opposite  side  at  D,  to 
go  upwards,  and  turning  round  a pulley  to  have  the  same  weight  hung 
upon  it;  in  this  case  the  very  same  force  or  weight  will  act  upon  the 
leaves  of  the  pinion  as  before,  but  double  that  weight  will  rest  upon  or 
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press  the  centre  C.  In  both  cases  the  pinion  is  turned  the  same  way, 
and  with  exactly  the  same  force.  In  the  former,  the  centre  C has  no 
pressure  from  the  weight;  in  the  latter,  the  pivots  press  the  pivot 
holes  with  double  the  weight  hung  on. 

Although  we  have  taken  an  eight-day  turret  clock  by  way  of  an 
example,  we  however  by  no  means  recommend  them.  Clocks  which 
require  to  be  wound  up  every  day,  are  much  better,  and  have  greatly 
the  advantage;  any  that  we  have  made,  were  all  of  the  latter  kind. 
The  fine  clock  in  the  Hotel  de  Ville  at  Paris,  that  of  St  Paul’s  and  of 
the  Horse  Guards  in  London;  the  Town  Clock,  and  that  of  St  Andrew’s 
Church,  Edinburgh,  and  almost  all  public  clocks  of  character,  require 
to  be  wound  up  every  day.  It  is  to  be  regretted  that  modern  archi- 
tects, when  planning  out  a church  or  any  building,  where  it  is  known 
that  it  is  to  have,  or  must  have  a clock,  that  they  take  this  matter  so 
little  into  consideration.  Height  or  length  of  fall  for  the  clock  weights, 
and  sounding  boards  for  the  bells,  were  much  attended  to  when  building 
spires  for  the  ancient  churches.  An  instance  of  this  is  seen  in  Sir 
Christopher  W ren’s  architecture  of  the  great  Cathedral  Church  of  St 
Paul’s,  where  the  fall  for  the  clock  weights  allow  of  such  a force,  as 
by  a stroke  of  the  hammer  it  can  make  a bell  of  11,474  lb.  be  heard 
at  a distance  of  two  and  twenty  miles.  We  heard  it  at  Windsor 
Castle  in  the  month  of  June,  1773:  the  day  was  still  and  calm;  and 
attending  to  try  if  the  clock  could  be  heard  when  striking  the  twelve 
o’clock  hour  at  noon,  (which  we  did  hear,)  the  sound  that  came  through 
the  air,  was  not  like  that  of  a bell,  but  had  a low,  dull,  and  feeble  tone 
barely  perceivable. 

We  have  heard  a story  of  a sentinel  when  on  duty  at  Windsor 
Castle  in  the  night  time : it  was  alleged  that  he  had  been  off  during 
the  time  of  his  being  on  ^uard,  for  which  he  was  brought  to  trial  by  a 
court  martial,  for  neglect  of  duty.  He  stated  in  his  defence,  that  he 
heard  St  Paul's  clock  strike  thirteen  at  midnight,  which  was  corro- 
borated by  others  who  heard  the  same  number;  by  this  he  was 
acquitted.  A little  ticklishness  in  the  locking  of  the  striking  part 
may  have  caused  this  to  take  place. 

At  the  time  when  the  public  clock  for  the  Royal  Hospital  at  Green- 
wich was  about  to  be  made,  Mr  John  Smeaton,  civil  engineer,  and 
the  Reverend  William  Ludlam,  professor  of  mathematics  in  the  uni- 
versity of  Cambridge,  having  taken  a warm  interest  in  the  construc- 
tion of  it,  as  will  appear  ly  their  letters  on  that  occasion , * strongly 
recommended  that  it  should  be  made  to  go  only  thirty  hours.  They 
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were  both  well  known  in  their  time  as  very  competent  to  give  the 
best  of  directions  in  this  affair;  yet  their  advice  was  over-ruled  by  a 
majority  of  the  commissioners.  Mr  Smeaton  was  at  the  time  one  of 
them,  but  was  left  in  the  minority.  It  was  humorously  observed 
by  Mr  Ludlam,  that  it  was  grudging  shoe-leather  to  serve  a good 
purpose.  It  may  be  supposed  that  many  of  the  gallant  old  tars  or 
invalids  in  the  hospital,  would,  for  a mere  trifle  of  tobacco,  have  gone 
every  morning  up  to  the  cupola,  and  wound  up  the  clock. 


CHAPTER  XXI. 

On  the  Method  of  fitting  up  Astronomical  Clocks. 

Although  the  example  of  calculation  which  we  have  given  for  the 
different  parts  of  a turret  clock,  is  applicable  to  any  clock ; yet,  in 
order  to  make  the  calculation  more  familiar  and  easy,  we  shall  apply 
it  to  an  astronomical  clock,  intended  to  go  32  days  without  winding 
up,  performing  the  computation  in  the  most  rigid  manner,  as  these 
clocks  ought  to  be  made  as  perfect  as  possible  in  all  their  parts. 

From  the  inside  bottom  of  the  intended  case  to  the  under  side  of 
the  seat  board,  is  supposed  to  be  4 feet  10.7  inches,  the  seat  board 
one  inch  thick,  and  the  distance  from  the  upper  side  of  it  to  the 
centre  of  the  dial  3.125  inches,  or  3J  inches.  From  these,  to  obtain 
a proper  diameter  for  the  barrel,  which  is  to  have  sixteen  turns  on 
it,  we  propose  that  the  length  taken  up  by  the  pulley  and  weight 
shall  not  exceed  6 inches,  and  that  the  weight  shall  be  about  10  lbs.  or 
perhaps  even  less.  Four  feet  10.7  inches  diminished  by  6 inches, 
will  be  4 feet  4.7  inches,  and  this  doubled  will  be  8 feet  9.4  inches ; 
which  divided  by  16,  the  number  of  turns  proposed  for  the  barrel,  we 
shall  have  1054  tenths  of  inches,  which  divided  by  16,  will  give 
65.875  tenths  for  one  turn  round  the  barrel.  From  this  to  find  the 
diameter  of  the  barrel,  say  as  355  is  to  113  so  is  65.875  to  the 
diameter  required,  which  will  be  found  to  be  2.0968  inches.  The 
diameter  given  here  for  the  barrel  must  be  lessened  by  a diameter  of 
the  gut.  The  diameter  of  the  gut,  which  we  had  24  years  at  a month 
clock,  and  which  carried  a weight  of  24  lbs.  was  .045  of  an  inch;  it 
might  have  even  supported  it  much  longer,  but  a different  weight  was 
afterwards  hung  on.  It  is  very  thick  gut  at  .080  of  an  inch,  and 
.060  of  an  inch  is  about  the  diameter  of  common  sized  gut,  which  we 
shall  take  for  our  estimate  in  the  diameter  of  the  barrel;  then  2.0968 
inches  minus  .060  of  an  inch,  will  give  for  the  true  diameter  of  the 


404 


FITTING  UP  ASTRONOMICAL  CLOCKS. 


barrel  2.0368  inches.  The  diameter  might  be  kept  even  a little  larger 
than  this,  since  the  cutting  of  the  screw  upon  the  barrel  for  the  gut  to 
ride  in  will  lessen  it  a little.  The  depth  of  the  screw  cannot  be  much 
more  or  less  than  .020  of  an  inch,  at  which  we  shall  take  it ; 2.0368 
-{-020  will  then  make  the  diameter  of  the  barrel  2.0568  inches. 

It  is  more  than  40  years  ago  since  we  proposed  that  the  trade  in 
general  should  adopt,  for  all  their  work,  gages  having  inches  and  the 
lowest  subdivisions  of  an  inch  marked  on  them.  Had  this  been  done, 
it  would  have  made  all  the  communications  between  the  different 
branches  of  the  art  extremely  simple  and  easy ; and  yet  however 
simple  this  may  appear,  it  has  never  been  done.  It  must  be  observed, 
that  every  branch,  such  as  movement  maker,  enameller,  glass-maker, 
spring-maker,  verge-maker,  &c.  have  all  their  own  gages,  not  one 
of  which  corresponds  with  that  of  his  neighbour’s,-  and  all  these  gages 
have  numbers  applied  to  them.  On  what  these  numbers  are  founded, 
it  would  puzzle  very  much  both  the  makers  and  owners  of  the  gages 
to  tell. 

To  get  the  length  of  the  barrel  between  the  ends,  let  us  take  the 
diameter  of  the  gut  at  .080  of  an  inch,  in  order  to  allow  freedom 
between  the  turns  on  winding  round  the  barrel.  This  .080  multiplied 
by  16,  the  number  of  turns  proposed,  will  give  1.28  inch,  or  very 
near  1 inch  and  j^-ths  of  an  inch  for  the  length  of  the  barrel  between 
the  ends.  The  barrel,  or  great  wheel,  making  a revolution  in  48 
hours,  we  must  see  what  the  number  of  teeth  for  it,  and  the  second 
wheel  pinion  which  it  drives,  ought  to  be,  and  likewise  the  number 
of  teeth  for  the  second  wheel,  and  that  of  the  centre  pinion,  so  that 
this  last  shall  make  48  turns  for  one  of  the  great  wheel.  Let  us 
assume  24  for  the  number  of  the  second  wheel  pinion,  and  20  for  that 
of  the  centre  pinion.  If  we  take  6 times  24  for  the  number  of  the 
great  wheel  teeth,  and  8 times  20  for  the  number  of  teeth  in  the 
second  wheel,  then  the  centre  pinion  will  be  turned  48  times  round  for 
once  of  the  great  wheel,  as  6 X 8 = 48.  Having  assumed  the  pinions 
to  be  24  and  20,  these  multiplied  into  one  another,  and  the  product 
multiplied  by  48,  the  last  product  will  be  such  a number,  as  when 
divided  by  a number  for  one  wheel,  the  quotient  will  be  a number  for 
another  wheel,  24  X 20  = 480  X 48  = 23040,  which  divided  by 
144,  the  number  for  one  wheel,  the  quotient  will  be  160  for  the 
number  of  teeth  of  the  other  wheel.  Or  if  we  take  25  for  the  num- 
ber of  the  second  wheel  pinion,  and  20  for  the  other,  these  multiplied 
together,  and  the  product  again  by  48,  will  give  such  a number,  as 
when  divided  by  150,  the  number  for  one  wheel,  the  quotient  will  be 
160  for  the  number  of  the  other  wheel,  25  x 20  = 500  X 48 
— 24000  — 150  = 160.  The  numbers  for  the  teeth  of  these  wheels 
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may  be  obtained  in  the  same  way  which  we  make  use  of  to  find  the 
numbers  of  the  teeth  of  the  wheels  for  clock  and  watch  movements. 
If  we  take  26  for  the  second  wheel  pinion,  and  20  for  the  centre  pinion, 
and  multiply  them  into  one  another,  and  if  the  product  is  again  mul- 
tiplied by  48,  the  number  of  turns  of  the  centre  pinion  for  one  of  the 
great  wheel,  we  shall  have  a number  which  being  subdivided  till  there 
is  no  remainder,  the  divisors  will  form  such  sets  of  numbers  as  may  be 
given  for  the  teeth  of  the  two  wheels.  Thus  26  X 20  = 520  X 48  = 
24960,  the  divisors  of  which  will  be  seven  2’s,  one  3,  one  5,  and  13, 
which  give  the  numbers  156  and  160  for  the  wheels.  For  the  subject 
of  our  astronomical  clock,  we  shall  adopt  the  number  144  for  the  great 
wheel,  and  160  for  the  second  wheel,  and  its  pinion  24,  and  20  for  the 
centre  wheel.  The  object  is  to  have  as  high  numbered  wheels  and 
pinions  as  can  be  conveniently  got  in.  The  diameter  of  the  great 
wheel  is  assumed  to  be  such,  as  will  allow  the  4eeth  proposed  for  it  to 
have  strength  enough  to  bear  the  exertion  put  on  them,  which  we 
shall  take  at  3.520,  and  for  that  of  the  second  wheel  3.300.  In  other 
words,  there  are  3.5  inches,  and  .020  parts  more  of  an  inch,  for  the 
one,  and  3.3  inches  for  the  other.  The  pinions  for  the  third  and  swing 
wheels  are  to  be  16  each,  the  number  of  teeth  for  the  centre  wheel  128, 
and  for  the  third  wheel  120.  For  the  sake  of  saving  trouble  to  those 
who  may  be  inclined  to  make  such  a clock,  we  shall  give  the  diameters 
of  the  wheels  and  pinions,  and  the  distance  of  their  centres. 


Distance 

Teeth. 

Diameter. 

of  Centre. 

Pinion. 

Diameter. 

The  great  wheel 

144 

3.520 

2.0217 

24 

.614 

Second  wheel 

160 

3-300 

1.830 

20 

.4372 

Centre  wheel 

128 

2.600 

1.4372 

16 

.3493 

Third  wheel 

120 

2.300 

1.280 

16 

.329 

Swing  wheel 
Wheel  concentric  *] 

30 

2.000 

with  the  second 
ditto  - - 

l 20 

7.436 

1.522 

Wheel  carrying  ] 

t 60 

2.0325 

the  hour  hand  J 

The  wheel  of  20  is  concentric  with  the  second  wheel,  which  making 
three  revolutions  in  24  hours,  carries  the  hour-hand  wheel  of  60  once 
round  in  that  time.  The  hour  circle  will  have  the  24  hours  marked 
on  it,  that  is,  from  1 to  24,  being  intended  for  a siderial  time- 
clock.  There  is  no  other  dial-work  than  the  wheels  of  20  and  60, 
which  will  require  to  have  the  hour-hand  turned  about  by  itself, 
(this  cannot  be  considered  as  inconvenient  by  those  who  wish  to  have 
the  most  perfect  mechanism  for  the  dial  work)  when  at  any  time 
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the  clock  is  set  by  the  minute  hand.  From  the  centre  of  the 
dial  to  the  centre  of  the  hours  and  seconds  circles,  is  2.5  inches 
to  each.  The  centre  of  the  great  wheel  is  on  a line  below  the  centre 
of  the  dial  about  1 inch,  and  to  the  left  of  the  perpendicular  line,  in 
the  centre  of  the  dial,  2.9  inches.  The  centre  of  the  third  wheel  is 
also  to  the  left  of  this  line,  a little  more  than  half  an  inch,  say  .519 
of  an  inch.  The  escapement  we  would  propose  to  be  the  same  as 
those  which  we  have  made  to  astronomical  clocks,  after  the  principle  of 
that  of  Mudge’s  time  keepers ; only  the  pallets  might  be  made  longer, 
and  the  springs  of  course  a little  stronger.  The  angle  of  escapement 
might  be  reduced  to  15  minutes  on  each  side  of  the  point  of  rest,  and 
yet  the  pendulum  may  be  made  to  vibrate  about  1.5  degrees  on  each 
side.  The  unlocking  here  would  be  as  near  the  lowest  point  as 
possible,  or  when  the  pendulum  had  its  maximum  of  force ; or  the 
escapement  which  we  think  preferable.  See  page  207,  &c.  and  plate 
VIII.  42.  Nos.  1 and  2. 


CHAPTER  XXII. 

On  Church  Bells  and  Gongs. 

It  is  still  a point  undetermined,  whether  the  common  shape  of  the 
bell,  or  that  which  is  called  the  dish  form,  chiefly  used  for  house 
clocks,  is  the  best.  The  great  expense  which  attends  experiments  on 
bell  founding,  will  probably  keep  this  long  undecided. 

Bells  are  said  to  have  been  invented  by  Paulinus,  bishop  of  Nola 
in  Campagnia,  about  the  year  400;  first  known  in  France,  550; 
first  used  by  the  Greek  empire,  864;  were  introduced  into  monasteries 
in  the  seventh  or  eighth  century.  Pope  Stephen  III.  fixed  three  bells 
in  a tower  on  St  Peter’s  in  Rome.  In  the  churches  in  Europe  they 
were  introduced  and  became  general  in  900.  They  were  first  intro- 
duced into  Switzerland,*  1020.  The  first  tuneable  set  in  England  was 
hung  up  in  Croyland  Abbey,  in  Lincolnshire,  960.  The  custom  of 
christening  or  blessing  bells  is  very  ancient,  (which  probably  took 
place  at  their  first  introduction  to  churches);  it  was  expressly  pro- 
hibited by  Charlemagne  in  789.  In  some  places  this  custom  came  as 
far  down  as  1030. 

They  were  observed  to  be  heard  farther  when  placed  on  plains 
than  on  hills,  and  still  farther  in  valleys  than  on  plains;  the  reason 
of  which  will  not  be  very  difficult  to  explain,  if  it  be  considered  that 
* The  finest  toned  bells  in  Switzerland  are  at  Locle. 
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the  higher  the  sonorous  body  is,  the  rarer  is  the  medium;  conse- 
quently, the  less  proper  vehicle  it  is  to  convey  the  sound  to  a dis- 
tance; from  a like  cause,  they  are  well  heard  in  foggy  weather.  Nan- 
kin, in  China,  was  anciently  famous  for  the  largeness  of  its  bells;  but 
their  enormous  weight  brought  down  the  tower,  and  the  bells  have 
ever  since  lain  on  the  ground.  One  of  these  bells  is  twelve  English 
feet  high,  the  diameter  seven  and  a half,  and  its  circumference  twenty- 
three;  its  figure  almost  cylindrical,  except  for  a small  swelling  in  the 
middle;  and  the  thickness  of  the  metal  about  the  edges  seven  inches. 
From  the  dimensions  of  this  bell,  its  weight  is  computed  at  50,000  lbs. 
which  is  more  than  double  the  weight  of  that  at  Erfurt,  said  by  Father 
Kircher  to  be  the  greatest  bell  in  the  world.  But  others  assert  that 
the  bells  at  Moscow  are  vastly  larger;  that  given  to  the  cathedral  by 
Boris  Godona  weighed  288,000  lbs.  Even  this,  however,  is  exceeded 
by  the  bell  which  was  cast  by  the  order  of  the  Empress  Anne,  the 
weight  of  which  is  432,000  lbs.;  its  circumference  at  the  bottom  more 
than  twenty  yards,  its  height  nineteen  feet,  and  its  thickness  twenty- 
three  inches.  How  diminutive,  in  comparison  of  this  most  stupendous 
bell,  are  the  largest  in  England!  the  greatest  bell  in  Christ  College, 
Oxford,  weighing  only  17,000  lbs.  that  at  St  Paul’s,  London,  11,474, 
and  Great  Tom  of  Lincoln,  10,845  lbs.  See  Imperial  Encyclopaedia. 

“Of  the  great  bell  in  the  Kremlin,  Moscow,  (which  must  be  that  cast 
by  the  order  of  the  Empress  Anne,)  the  circumference  obtained  was 
sixty-seven  feet  and  four  inches,  which  allows  a diameter  of  twenty- 
twTo  feet,  five  inches,  and  one-third  of  an  inch.  The  perpendicular 
height,  from  the  top  of  the  bell,  corresponds  exactly  with  the  state- 
ment made  by  Hanway , namely,  21  feet  four  inches  and  a half.  In 
the  stoutest  part,  that  which  should  have  received  the  blow  of  the 
hammer,  its  thickness  equalled  twenty-three  inches.  The  weight  of 
this  enormous  mass  of  metal  has  been  computed  to  be  443,772  lbs. 
which,  if  valued  at  three  shillings  per  pound,  amounts  to  <P66,565. 
16s.  laying  unemployed,  and  of  no  use  to  any  one.”  “ In  the  belfry 
of  St  Ivan,  Church  of  St  Nicolas,  in  the  Kremlin  at  Moscow,  there  is 
a bell  suspended  beneath  others,  though  of  less  size,  which  is  enormous. 
It  is  forty  feet  nine  inches  in  circumference,  sixteen  inches  and  a half 
thick,  and  its  weight  more  than  fifty-seven  tons,  3551  Russian  poods, 
or  127,836  lbs/’  See  Clarke's  Travels. 

The  bell  in  the  metropolitan  church  at  Rouen  is  said  to  be  eleven 
feet  in  diameter,  and  thirteen  feet  high.*  The  great  bell  at  Erfurt, 
mentioned  by  Kircher  in  his  Musurgia  Universalis , weighs  only 

* It  weighs  36,000  pounds.  The  most  famous  bell  in  France  is  in  the  Cathedral  of  Toulouse. 
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25,000  lbs.  It  may  be  said  only , when  compared  to  a bell  in  China, 
said  to  be  in  diameter  thirteen  feet  and  a half,  forty-two  feet  in  cir- 
cumference, twelve  feet  and  a half  in  height,  and  weighs  120,000  lbs. 
or  above  fifty  tons.  “ The  brass  bell  in  Strasburg  weighs  ten  tons  ; 
the  other,  which  is  of  silver,  weighs  above  two.”  See  Dr  Moore  s 
Travels. 

In  1752,  the  old  clock  in  York  Minster  was  rendered  useless  by 
age,  and  being  removed,  another  was  made  and  put  up  by  Henry 
Hindley  of  York,  at  the  expense  of  about  J?300.  This  clock  is  said 
to  be  very  finely  executed.  The  diameter  of  the  largest  (of  a ring  of 
twelve  bells,)  in  York  Minster,  was  five  feet  nine  and  a half  inches, 
and  was  59  cwt. 

In  1765,  they  were  taken  down  as  untuneable,  and  were  replaced, 
in  the  same  year,  by  a set  of  ten  bells,  cast  by  Messrs  Lester  and 
Pack,  bell-founders,  Whitechapel.  They  are  of  the  same  weight 
and  size  as  those  which  they  cast  for  Bow  Church  in  London  in  the 
year  1762.  Any  difference  is  at  least  too  trifling  to  notice.  The 
weight  and  sizes  below  are  what  were  given  for  the  set  in  York 
Minster. 


Cwt. 

qrs. 

lbs. 

Teet. 

inches. 

1st, 

8 

3 

7 

Diameters 

2 

8i 

2d, 

9 

1 

5 

- 

2 

9| 

3d, 

10 

1 

22 

- 

3 

0 

4th, 

12 

2 

21 

- 

3 

2! 

5th, 

13 

2 

22 

- 

3 

5 

6th, 

16 

0 

4 

- 

3 

71 

7th, 

21 

0 

23 

- 

4 

Oh 

8th, 

26 

0 

13 

- 

4 

3 h 

9th, 

33 

2 

16 

- 

4 

9h 

10th, 

53 

0 

25 

- 

5 

5 

June  4,  1762,  being  his  Majesty’s  birth-day,  (that  of  our  late  and 
much  lamented  Sovereign,)  who  then  entered  into  the  25th  year  of 
his  age,  the  same  was  observed  with  the  usual  demonstrations  of  joy, 
In  the  morning  of  that  day,  the  famous  new  bells  at  Bow-church,  the 
finest  in  England,  were  rung  for  the  first  time. 

It  may  be  added,  to  what  has  been  said  of  the  weight  of  the  great 
bell  in  the  Cathedral  of  St  Paul’s,  London,  that  the  clapper  of  it 
is  180  lbs;  the  diameter  ten  feet,  and  is  the  bell  on  which  the 
clock  strikes  the  hours  ; the  quarters  are  struck  on  two  lesser  bells 
underneath.  The  length  of  the  pendulum  14  feet,  the  weight  of  the 
ball  112  lbs.  The  length  of  the  minute  hand  is  eight  feet,  its  weight 
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75  lbs;  the  length  of  the  hour  hand  five  feet  five  inches,  its  weight 
44  lbs.  The  length  of  the  hour  figures,  two  feet  two  and  a half  inches ; 
the  circumference  of  the  dial  fifty-seven  feet,  which  is  fully  eighteen 
feet  in  diameter. 

The  great  bell  in  St  Giles’  Cathedral,  Edinburgh,  was  cast  by  Messrs. 
Pack  and  Chapman,  Whitechapel,  weighs  25  cwt.  and  was  put  up 
about  the  year  1776.  The  bell  in  Heriot’s  Hospital,  and  the  one  in 
St  Cuthbert’s  church,  are  much  about  the  same  weight  and  size,  each 
weighing  8 cwt.  2 quarters,  and  two  feet  eight  inches  in  diameter. 

In  St  Andrew’s  church,  there  is  a ring  of  eight  bells ; the  largest  is 
about  15  cwt.,  the  smallest  6 cwt.,  cast  by  the  Whitechapel  bell 
founders.  There  was  no  little  ingenuity  displayed  in  hanging  them, 
so  as  they  could  be  rung  without  interfering  with  one  another,  con- 
sidering the  smallness  of  the  space  in  which  they  are  hung. 

Of  late,  (1824,)  we  are  informed,  that  a bell  of  18,808  lbs.  weight 
was  found  in  one  of  the  valleys  of  the  Jura  mountains  in  Switzerland; 
but  how  it  came  there,  seems  to  be  unknown. 

The  Gong . 

We  believe  some  attempts  have  been  made  in  Europe  to  make  such 
a sounding  instrument  as  the  Chinese  gong,  but  without  success  ; it 
being  a sort  of  bell  metal  not  so  hard  as  clock  bells,  but  perhaps  some- 
what near  to  the  hardness  which  church  bells  have,  and,  being  cast 
into  the  shape  in  which  they  come  to  us,  the  great  secret  in  giving 
them  that  strong  degree  of  tone  may  lie  in  the  hammering  them 
(after  being  cast,)  a little  here  and  there.  But  this  cannot  be  done 
with  safety,  unless  both  anvil  and  hammer,  and  gong  likewise,  are 
hammered,  when  under  a very  considerable  degree  of  heat,  nearly  to 
that  under  which  they  would  be  seen,  when  in  a very  dark  place,  hav- 
ing the  colour  of  a dark  red.  And  such  a process  as  this  must  be 
attended  with  much  difficulty  and  labour,  so  much  so,  as  to  have 
deterred  ou£  artists  (even  if  they  thought  of  such  a thing,)  from  try- 
ing it.  A Chinese  gong  would  break  into  pieces,  by  applying  the 
hammer  to  it  when  in  a cold  state.  Experiments  have  been  made, 
where  the  human  body  has  stood  the  temperature  of  240°  for  some 
minutes,  in  an  apartment  heated  on  purpose;  this  may  show  how  far 
it  is  practicable  to  hammer  a gong  in  a very  warm  place. 

The  gong  which  Mr  Ludlam  had  in  his  possession,  may  have 
been  raised  up  by  the  hammer,  (as  he  thinks,  and  he  was  pretty  well 
qualified  to  judge  of  this)  from  a flat  sheet  of  metal.  Any  of  them, 
however,  that  we  have  had  an  opportunity  of  seeing,  were  flat  at 
bottom,  without  any  raised  up  part,  and  had  all  the  appearance  of 
having  evidently  been  cast,  by  the  sand-marks  that  were  seen  upon 
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them,  notwithstanding  the  application  of  the  hammer,  as  the  impres- 
sions made  by  it  were  seen,  here  and  there,  done  seemingly  to  stiffen 
the  gong,  and  give  it  tone.  In  China,  gongs  are  consecrated  to  reli- 
gious purposes,  and  strictly  prohibited  from  being  taken  out  of  the 
country;  so  those  which  come  here,  must  either  be  smuggled  away, 
or  clandestinely  obtained.  Farther  on  this  subject,  see  Appendix  (A.) 
Ludlarns  Letters. 


CHAPTER  XXIII. 

On  Clock  Chimes  and  Bell  Music , mode  of  pricking  Barrels , construction 
of  Organ  Clocks , <$fc. 

Chime,  in  its  general  meaning,  is  applied  to  the  sounding  of  bells, 
such  as  change-ringing  by  church  bells,  or  the  striking  quarters  of  the 
hour  by  a clock  on  two  or  more  bells,  or  to  tunes  played  by  a clock  on 
a series  of  nine,  twelve,  or  sixteen  bells,  tuned  to  their  respective  notes 
on  the  scale.  Clocks  that  play  tunes  on  bells  are  called  musical  clocks; 
when  quarters  are  chimed  or  struck  by  the  clock  itself,  for  example, 
on  six,  or  on  eight  bells  in  octave,  it  is  called  a quarter  clock,  and 
sometimes  a chime  clock  ; and  when  the  quarters  are  struck  by  a 
string  being  pulled,  it  is  called  a pull  quarter  or  a repeating  clock, 
whether  the  quarters  are  struck  on  six  or  eight  bells,  or  whether  they 
are  given  by  a double  blow  on  the  hour-bell,  as  in  the  repeating  watch. 
A time-piece,  or  going  part,  and  having  no  hour  striking  part,  but 
having  a repeating  part,  is  by  some  called  a silent  pull. 

Various  ways  may  be  adopted  for  pricking  tunes  on  the  music  bar- 
rels of  clocks.  The  earlier  mode  of  doing  this  was  by  taking  a piece 
of  writing  paper  of  such  a size  as  to  cover  exactly  the  surface  of  the 
barrel,  and  in  a direction  perpendicular  to  the  axis  of  the  barrel,  to 
draw  as  many  lines  parallel  to  one  another  as  there  were  notes  in  the 
tune  to  be  laid  down  on  the  barrel,  the  lines  being  equidistant,  and 
corresponding  perfectly  with  the  hammer  tails  as  they  stood  in  the 
hammer  frame.  They  were  marked  at  each  end  with  the  letters  or 
notes  they  were  to  represent  in  the  gamut  or  scale  of  music ; and, 
according  to  the  number  of  bars  in  the  tune,  as  many  spaces  were 
made  by  lines  drawn  equidistant  and  parallel  to  each  other,  intersect- 
ing the  others  at  right  angles.  The  junction  of  the  ends  of  the 
paper,  when  applied  round  the  barrel,  represented  one  of  these  bar 
lines.  The  length  or  breadth  of  the  spaces  (which  might  be  either 
squares  or  parallelograms)  contained  between  the  bar  and  note  lines, 
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was  again  divided  on  the  note  lines  into  as  many  parts  or  spaces  as 
the  number  of  crotchets  in  a bar,  and  for  notes  of  lesser  value  a less 
space  was  taken.  While  the  paper  was  lying  on  a table,  the  notes  in 
the  tune  proposed  to  be  laid  on  the  barrel  were  marked  by  a black  ink 
dot  on  their  respective  lines,  and  in  the  same  order  as  the  bars  of  the 
music  lay.  After  this  was  done,  the  paper  was  pasted  on  the  barrel: 
the  note  lines  now  appeared  like  so  many  circles  traced  round  the  cir- 
cumference of  the  barrel,  while  the  bar  lines  lay  longitudinally  on  the 
surface  of  it.  By  this  means  the  black  ink  dots  were  transferred  and 
marked  on  the  barrel  by  a punch  or  finger  drill.  This  mode  might 
answer  very  well  where  large  barrels  were  used,  and  only  one  tune 
laid  on  ; but  in  smaller  work,  and  where  several  tunes  were  to  be  put 
on  the  same  barrel,  it  is  neither  sufficiently  neat  nor  accurate. 

We  are  not  acquainted  with  the  method  adopted  by  those  work- 
men in  London  who  practice  the  pricking  of  music  on  clock  barrels  ; 
but  having  had  occasion  to  construct  some  musical  clocks  above  thirty 
years  ago,  and  having  no  opportunity  of  getting  the  music  pricked 
on  the  barrels  by  any  professional  person,  it  became  necessary  to 
contrive  some  methods  for  this  purpose.  One  way  consisted  in 
applying  the  barrel  concentric  with  the  arbor  of  a wheel-cutting 
engine,  whose  dividing  part  consisted  of  an  endless  screw  and  wheel , 
and  having  fixed  their  apparatus  on  the  engine  for  this  purpose,  dif- 
ferent numbers  of  turns  of  the  endless  screw  were  taken  for  the  longer 
or  shorter  notes,  and  the  tunes  were  as  accurately  put  on  the  barrel 
as  could  be  wished.  Another  way  consisted  in  placing  the  barrel  and 
its  train  of  wheel  work  and  regulating  fly  in  the  frame.  A force  was 
applied  to  turn  the  barrel,  wheel  work,  and  fly  round  in  the  order  of 
lifting  the  music  hammer  tails,  and  an  apparatus  was  used  to  mark 
the  dotes  on  the  barrel.  The  fly  made  360  revolutions  for  one  turn 
of  the  barrel ; or,  should  this  be  thought  too  quick  a train,  it  might 
be  made  by  altering  the  numbers  of  the  wheel  teeth  to  make  250  or 
260  revolutions  for  one  turn  of  the  barrel ; the  train  or  revolutions 
of  the  fly  being  fixed,  were  made  use  of  in  the  same  way  as  the  end- 
less screw  in  the  former  way,  by  taking  a greater  or  a smaller  number 
of  turns  of  the  fly  for  the  longer  or  the  shorter  notes.  Knowing  the 
number  of  bars  in  the  tune,  and  the  crotchets  in  a bar,  by  calcula- 
tion, the  number  of  turns  of  the  fly  was  obtained  (and  parts  of  a turn 
if  necessary)  that  a crotchet  required,  so  that  the  tune  might  go 
round  the  barrel,  leaving  a small  space  for  locking  and  running ; this 
was  all  that  was  required  to  be  known:  quavers  and  semiquavers 
came  to  have  their  proportion  according  to  the  value  of  the  crotchet. 
Although  the  process  of  putting  tunes  on  barrels  answered  very  well 
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by  both  these  methods,  yet  it  was  rather  tedious,  and  attended  with 
some  trouble  and  embarrassment  in  the  operation ; and  a more  simple 
and  easier  method  of  doing  this  was  afterwards  contrived  and  adopted, 
by  which  we  could  lay  on  a tune  with  the  greatest  accuracy  and 
expedition  in  nearly  ten  minutes. 

Although  bell  music  is  not  of  a favourite  kind,  yet  for  the  benefit 
of  such  clockmakers  as  may  be  disposed  to  construct  music  clocks, 
and  have  not  the  opportunity  of  getting  the  music  pricked  on  the 
barrel  by  those  whose  profession  it  is  to  do  this  sort  of  work,  we  shall 
give  a description  of  the  tool  and  its  apparatus,  which  will  be  found 
very  well  adopted  for  this  purpose,  and  also  of  the  manner  of  using 
it. 

Having  a good  strong  turn-bench,  such  as  those  used  by  clock- 
makers  for  their  larger  sort  of  work,  to  the  standards  or  heads  of  it 
let  there  be  attached  supports  on  each  side ; to  the  supports  on  the 
side  nearest  the  workman,  let  there  be  fixed  a straight  cylindrical  rod 
A B,  Plate  XVII.  79,  about  ten  or  twelve  inches  long,  and  in  dia- 
meter a quarter  of  an  inch,  or  even  three-tenths  of  an  inch.  A spring 
socket  C D must  be  made  for  this  rod  to  slide  easily  and  steadily 
along  it,  somewhat  like  the  socket  which  slides  on  the  upright  stalk 
or  rod  of  a watchmaker’s  glass  stand.  In  the  thick  and  strong  part 
of  this  socket  E is  fixed  a steel  arm  EFG,  bent  into  a curve,  which 
lies  over  and  above  the  music  barrel  when  in  the  turn  bench,  as  shown 
in  80,  at  EFG.  The  steel  rod  A B may  at  pleasure  be  placed  at  any 
distance  from  the  barrel,  about  an  inch  or  rather  more,  and  should  stand 
parallel  to  the  barrel  arbor  MN,  and  nearly  in  the  same  plane  with  it, 
but  rather  a little  above  this  than  otherwise.  On  the  outer  end  of 
the  curved  arm  is  fixed  a flat  piece  of  steel  G,  a little  more  than  half 
an  inch  long,  in  breadth  not  quite  so  much,  and  about  one-tenth  of  an 
inch  thick.  The  lower  and  front  edges  of.  this  flat  piece  of  steel 
should  be  neatly  and  smoothly  rounded  off,  so  as  to  allow  it  to  come 
easily  and  freely  into  the  notches  a,  b , c , &c.  which  are  on  the  edge 
of  a thin  brass  scale,  whose  use  will  come  afterwards  to  be  explained. 
To  the  supports  attached  to  the  turn-bench  heads,  and  on  the  oppo- 
site side  to  that  where  the  round  steel  rod  is  placed,  let  there  be 
fixed  a slip  of  brass  XY,  about  ten  or  twelve  inches  long,  an  inch  and 
a half  broad,  and  nearly  a tenth  of  an  inch  thick,  the  inner  edge  ot 
which  must  be  made  to  stand  parallel  with  the  barrel,  and  the  flat 
side  to  stand  nearly  in  a plane  between  the  upper  surface  of  the  bar- 
rel and  its  centre,  the  edge  being  placed  so  as  to  stand  clear  of  the 
tops  of  the  teeth  of  a high  numbered  wheel  WW  screwed  on  to  the 
end  of  the  barrel.  Near  the  ends  of  this  slip  of  brass,  slits  are 'made, 
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through  which  screws  s,  s,  pass,  which  screw  it  to  the  upper  side  of 
the  supports  ; the  slits  serving  to  allow  it  to  be  moved  a little  occa- 
sionally lengthwise  when  required.  On  the  upper  side  of  the  slip  of 
brass  is  fixed  another,  but  not  quite  so  thick,  the  length  being  about 
that  of  the  barrel,  and  breadth  one  inch  and  three  quarters.  On  the 
inner  edge  of  this  are  made  as  many  notches  a,  b , c,  &c.  as  there  are 
hammers,  bells,  or  notches  to  be  used  in  the  tune  or  tunes  to  be  marked 
on  the  barrel.  These  notches  are  equidistant,  and  the  middle  of  them 
should  correspond  to  the  middle  or  line  of  the  hammer  tails ; their 
width  being  such  as  to  admit  the  flat  steel  piece  G on  the  end  of  the 
curved  arm  EFG ; the  depth  of  them  cut  on  the  edge  of  the  brass 
should  be  about  one  quarter  of  an  inch.  The  edge  of  this  piece  of 
brass,  or  music  scale  as  it  may  be  called,  must  also  stand  parallel  with 
the  barrel,  and  at  a little  distance  from  it,  not  nearer  than  three-tenths 
of  an  inch,  so  that  the  flat  steel  piece  on  the  end  of  the  curved  arm  may 
have  room  to  get  in  a little  way,  and  to  pass  through  at  the  same  time 
to  a certain  degree  of  depth.  On  the  upper  side  of  this  brass  slip,  the 
letters  of  the  scale  of  music  or  gamut  are  marked  to  those  notches 
which  correspond  with  the  hammer  tails,  and  hammers  intended  to 
strike  on  the  bells  the  notes  so  marked  ; but  in  an  inverted  order  to 
the  usual  way  in  which  they  are  marked  in  the  scales  of  music,  the 
lower  notes  being  on  the  right  hand  side,  and  as  they  rise  going  to  the 
left.  This  is  done  to  suit  the  way  in  which  the  bells  are  commonly, 
though  not  necessarily,  placed  in  music  clocks,  see  81  ; it  is  in  the 
power  of  a clockmaker,  of  any  ingenuity,  to  contrive  the  barrel  to  turn 
any  way  he  thinks  proper,  and  place  the  bells  to  stand  in  the  order  of 
the  music  scale,  if  there  is  any  advantage  to  be  derived  from  it.  In 
the  curved  arm  EFG,  80,  is  fixed  a punch  f having  a very  fine  and 
sharp  conical  point,  at  the  distance  of  four  inches  or  so  from  the  cen- 
tre of  the  sliding  socket,  and  not  quite  an  inch  from  the  outer  end  of 
the  flat  steel  piece ; the  punch,  when  applied  to  the  barrel,  should 
stand  upright,  and  directly  over  the  centre  of  it.  This  apparatus 
being  all  adjusted,  as  we  have  directed,  it  is  evident  that  when  the 
curved  arm  is  raised  up  a little  way,  the  socket  can  then  be  made  to 
slide  easily  along  the  steel  rod,  and  by  this  means  bring  the  outer  end 
of  the  flat  steel  piece  very  readily  into  any  notch  required,  and  the 
point  of  the  punch  is  brought  at  the  same  time  with  the  greatest  pre- 
cision to  the  place  of  the  note  on  the  barrel,  leaving  the  flat  steel 
piece  for  the  time  in  the  notch.  The  point  of  the  punch  touching  or 
resting  on  the  barrel,  a stroke  from  a very  small  hammer  on  the  top 
of  it  will  cause  the  point  to  make  a pretty  deep  mark  or  conical  hole 
on  the  surface  of  the  barrel. 
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It  now  remains  to  be  shown  how  the  time  or  the  lengths  of  the  dif- 
ferent notes  are  determined.  Long  or  slow,  short  or  quick  notes, 
such  as  the  minum  and  demi-semi-quaver,  are  not  well  suited  to  bell- 
music,  and,  of  course,  are  seldom  introduced  into  tunes  chosen  for  it ; 
the  crotchet,  quaver,  and  semiquaver,  forming  the  greatest  part  of  the 
composition  : the  minum  and  demi-semi-quaver  may,  however,  be 
brought  in  at  some  parts.  It  may  be  unnecessary  to  state,  what  is 
pretty  generally  known,  the  proportional  value  of  the  notes  to  one 
another ; suffice  it  to  say,  that  a minum  is  equal  to  two  crotchets,  a 
crotchet  to  two  quavers,  a quaver  to  two  semi-quavers,  and  a semi- 
quaver to  two  demi-semi-quavers.  The  time  in  which  the  barrel 
turns,  after  striking  or  lifting  a hammer-tail,  to  strike  any  note  on  a 
bell,  must  be  in  the  same  proportion  with  the  notes,  according  to  their 
respective  character.  Let  a wheel  of  250  teeth,  for  example,  be  fixed 
on  the  end  of  the  barrel,  and  let  both  be  placed  in  the  turn-bench, 
with  the  apparatus  which  has  been  described.  To  the  turn-bench  is 
now  attached  a steel  or  brass  spring,  having  a knee  or  bending  at  one 
end,  so  that  it  may  fall  into  the  spaces  of  the  wheel  teeth. 

The  tune  proposed  to  be  laid  on  the  barrel  contains  20  bars  of 
three  crotchets  each,  being  60  crotchets  in  all : if  250,  the  number  of 
the  wheel  teeth,  is  divided  by  60,  the  number  of  the  crotchets,  we 
shall  have  four  for  the  quotient,  and  ten  for  the  remainder  ; showing 
that  we  may  take  four  teeth  spaces  for  every  crotchet,  ten,  the  remain- 
ing part  of  it,  serving  as  a run  for  locking,  and  the  other  part  for  a 
run  at  unlocking  for  a tune  to  be  played.  Now,  as  a crotchet  is 
equal  to  four  spaces,  a quaver  must  be  equal  to  two,  and  a semi- 
quaver equal  to  one.  Suppose  the  first  note,  in  the  tune  proposed,  is 
F.  79 ; the  curved  arm  is  brought  to  the  left  hand,  and  the  flat 
steel  piece  put  into  that  notch ; the  punch  is  then  made  to  mark 
the  barrel ; and  this  being  a semi-quaver,  or  the  fourth  part  of 
a crotchet,  the  spring  index  is  shifted  into  the  next  space  of 
the  wheel  teeth,  and  the  curved  arm  moved  to  the  next  note, 
which  is  G,  on  the  left  hand,  and  the  flat  steel  piece  being  put 
into  the  notch  corresponding  to  G,  the  punch  is  made  to  mark  it  on 
the  barrel.  This  being  a semi-quaver  also,  the  spring  is  shifted  into 
the  next  space,  and  the  curved  arm  moved  to  note  A on  the  left;  the 
steel  piece  is  put  into  the  corresponding  notch,  and  the  punch  marks 
this  on  the  barrel.  A is  here  equal  to  a quaver  and  a half ; there- 
fore the  spring  index  must  be  moved  over  three,  or  into  the  third 
space,  and  the  curved  arm  moved  to  the  next  note,  being  B,  on  the 
left  hand ; the  steel  piece  being  put  into  this  notch,  the  note  is  marked 
on  the  barrel ; and  as  it  is  a semi-quaver,  one  space  is  taken  for 
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it,  and  the  arm  moved  to  Gr.  This  being  marked,  and  as  it  is  a quaver, 
two  spaces  are  taken,  and  so  on.  When  crotchets  are  marked, 
four  spaces  are  taken  after  marking  them.  In  the  tune  which  we 
have  used,  nine  bells  or  notes  are  all  that  are  required  ; and  three 
more,  or  a dozen,  would  give  such  a compass  as  to  take  in  almost  any 
tune  that  might  be  required.  In  place  of  the  spring  index,  it  would 
be  better  to  have  a single  threaded  endless  screw  to  work  into  the 
wheel  teeth,  one  turn  of  which  would  be  equal  to  a tooth  or  space. 
The  arbor  of  the  screw  being  squared  on  one  end,  and  a small  handle 
for  turning  it  being  put  on,  there  would  be  less  danger  of  making 
mistakes  with  the  screw  than  with  the  index.  On  the  arbor  of  the 
screw  there  might  also  be  put  a hand  or  index  to  point  to  a circular 
space  or  dial  of  eight  or  ten  divisions.  This  would  give  room  to 
make  parts  of  a turn,  where  great  nicety  is  wanted.  After  one  tune 
is  laid  on  the  barrel,  either  it  or  the  music  scale  must  be  shifted  a 
short  space  when  the  next  one  is  to  be  put  on.  To  shift  the  music 
scale  is  perhaps  the  preferable  way  of  the  two  ; and  the  spaces  for 
shifting  should  be  marked  on  the  top  of  one  of  the  supports,  and  close 
by  one  end  of  the  long  slip  of  brass  ; or  they  might  be  marked  on  a 
short  line  drawn  longitudinally  on  the  surface  of  the  barrel  at  or 
towards  one  of  the  ends  of  it ; or  by  taking  both  methods,  the  one 
would  serve  as  a check  on  the  other.  The  length  of  shifting  depends 
on  the  distance  between  the  hammer  tails,  and  the  number  of  tunes  to 
be  put  upon  the  barrel.  For  example,  if  the  distance  between  the  ham- 
mer tails  is  four -tenths  of  an  inch,  and  it  is  proposed  to  put  eight 
tunes  on  the  barrel,  then  if  we  divide  four-tenths  by  eight,  we  shall 
have  half  a tenth  for  the  length,  or  space  to  shift  for  each  tune ; and 
this  is  taking  advantage  of  the  whole  space  between  the  hammer  tails, 
a circumstance  which  is  frequently  overlooked  ; for  where  the  shifts 
have  been  confined  to  a less  space  for  shifting  than  might  have  been 
got,  so  much  room  is  lost.  The  distance  between  the  hammer  tails 
depends  on  their  number,  and  on  the  length  of  the  barrel.  We  have 
made  the  distance  a quarter  of  an  inch,  where  the  number  of  ham- 
mers were  eleven,  and  the  length  of  barrel  about  three  inches  and  a 
quarter,  the  number  of  tunes  put  on  the  barrel  seven,  the  spaces  for 
shifting  were  three  hundred  parts  of  an  inch  or  thereabouts,  and 
where  the  clock  of  itself  shifted  the  tune.  When  the  hammer  tails 
are  thin,  a number  of  tunes  could  be  made  to  have  their  shifts  in  a 
very  short  distance  between  the  tails  ; the  diameter  of  the  lifting 
pins  must  also  be  taken  into  account,  being  of  some  consideration 
where  the  spaces  for  shifting  are  extremely  limited.  Although  we 
have  taken  the  number  of  the  wheel  teeth  for  dividing  the  notes  at 
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250,  yet  either  a greater  or  a less  number  may  be  assumed;  all  that 
is  required  is,  to  proportion  the  number  of  turns  of  the  endless 
screw,  and  parts  of  a turn,  to  the  number  of  bars  in  the  tune,  to  the 
notes  in  each  bar,  and  to  have  the  tunes  to  go  nearly  round  the  bar- 
rel, so  that  a small  part  of  a revolution  of  it,  after  the  tune  is  played 
over,  may  be  left  for  what  is  called  locking  and  running.  If  the 
dividing  wheel  was  taken  at  128  teeth,  and  the  tune  being  supposed 
to  have  20  bars,  each  bar  having  three  crotchets,  as  in  the  former 
example,  128  teeth  divided  by  60,  the  number  of  crotchets,  the  quo- 
tient would  be  two,  and  the  remainder  would  be  eight ; so  that  each 
crotchet  would  require  two  teeth  or  turns  of  the  endless  screw,  a 
quaver  one  turn,  and  a semiquaver  half  a turn,  and  the  remaining 
eight  teeth  would  serve  for  locking  and  running.  When  the  tunes 
are  all  marked  on  the  barrel,  each  mark  must  be  drilled  to  obtain 
holes  for  the  lifting  pins  to  be  driven  into  them.  Great  care  should 
to  taken  to  have  a stiff  and  excellent  drill,  so  as  to  run  no  risk  of 
breaking,  which  would  occasion  a great  deal  of  trouble ; and  it  should 
be  of  such  a temper,  and  well  and  judiciously  whetted  up,  so  that 
it  may  drill  all  the  holes  without  requiring  to  be  once  sharpened : 
the  object  here  is  to  have  all  the  holes  of  the  same  width,  so  that 
the  lifting  pins  may  be  all  of  the  same  diameter.  The  holes  being 
drilled,  and  the  barrel  polished,  a number  of  pins  should  be  prepared 
into  lengths  of  half  an  inch  or  so  each,  and  a very  little  tapered  at 
one  end.  The  stronger  and  harder  the  brass  wire  for  the  pins  is,  so 
much  the  better ; some  of  the  best  kind  of  pins  used  in  the  female 
dress  are  very  fit  for  this  purpose.  In  placing  the  pins  in  the  holes, 
if  they  should  be  found  too  long  for  knocking  in  by  the  hammer,  they 
should  be  shortened  by  the  cutting  plyers  before  the  hammer  is 
applied,  which  will  prevent  bending,  and  allow  the  pins  to  have  a more 
secure  hold  of  the  barrel  rim.  After  all  the  pins  are  put  in,  they 
must  now  be  shortened  to  an  equal  and  proper  length  or  height.  For 
this  purpose,  prepare  a hard  cylindrical  steel  collet,  having  a hole  in 
its  centre  sufficiently  wide  to  allow  it  to  be  put  readily  on  the  pins  ; 
the  lower  end  of  it  hollowed,  the  upper  end  rounded,  and  the  height 
of  the  collet  about  one-twentieth  of  an  inch  or  a little  more ; the 
height  depending  on  the  size  of  the  barrel  and  the  diameter  of  the 
pins.  The  collet  being  placed  on  a pin,  the  cutting  plyers  are 
applied  to  cut  the  pin  just  over  by  the  rounded  end ; a small  touch 
of  a file  takes  away  the  burr  made  by  cutting,  and  as  the  hardness  of 
the  collet  prevents  the  file  from  taking  any  more  away  from  the  height 
of  one  pin  than  from  another,  they  must  all  be  of  an  equal  height. 
This  operation  being  finished,  the  small  burrs  made  on  the  top  of  the 
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pins  by  the  file  must  be  taken  off;  this  is  done  by  a piece  of  steel 
wire,  about  six  or  seven  inches  long.  The  end  where  it  is  twirled 
about  by  the  fore  finger  and  thumb,  should,  for  the  length  of  an  inch 
or  so,  be  made  into  an  octangular  form,  for  the  more  readily  turning 
it  round  backward  and  forward.  On  the  face  or  point  of  the  other 
end,  two  notches  are  made  across  each  other,  which  may  be  either 
angular  or  round  at  bottom  ; the  latter  may  be  the  better  of  the  two, 
if  rightly  executed,  and  should  be  made  with  the  round  edge  of  a 
flat  file,  whose  thickness  should  not  be  more  than  the  diameter  of  the 
pins.  The  point  where  the  notches  are  cut  should  be  hardened,  and 
the  inside  and  bottom  of  the  notches  polished,  so  that  a sharpness  may 
be  given  to  take  away  the  burrs  easily  from  the  top  of  the  pins. 

The  shape  of  the  hammer  tail  is  such  as  is  represented  at  81. 
a form  which  makes  the  hammer  easy  enough  to  be  drawn,  and 
the  nib  of  the  tail  takes  little  or  no  room  when  falling;  and  should 
two  pins  or  notes  succeed  each  other  rapidly,  the  nib  or  point  of  the 
hammer  tail  will  not  be  interrupted  by  the  succeeding  pin.  In  the 
first  musical  clocks,  and  even  in  those  made  long  afterwards,  the  bells 
were  all  placed  on  one  strong  iron  bell  stud,  the  opposite  end  of 
which  was  supported  by  what  may  be  called  an  auxiliary  stud,  which 
occasioned  a crampness  that  prevented  the  bells,  when  they  were 
struck  by  the  hammers,  from  vibrating,  or  giving  out  that  full  tone 
which  they  might  have  otherwise  been  made  to  produce;  and  the 
improvement  made  on  this,  a3  well  as  on  the  quarter  bell  studs  after- 
wards, was  effected  by  placing  each  bell  separately  on  its  own  bell 
stud,  which  was  made  of  well-hammered  brass,  having  some  degree 
of  elasticity.  The  sweetness  given  to  the  tone  of  the  bells  by  this 
method  was  truly  surprising.  The  bells  in  this  kind  of  music  may 
be  sounding  at  the  time  that  a succeeding  note  is  struck  out  and 
sounding  too,  which  may  not  be  so  pleasant  to  a very  nice  ear.  This 
can  be  prevented  by  having  a double  set  of  hammers,  and  having 
every  tune  pinned  twice  over  on  the  barrel,  one  set  of  the  hammers  hav- 
ing the  heads  of  buff  leather,  or  having  a brass  head  with  a piece  of 
cloth  sewed  over  it.  These,  when  they  strike  the  bell,  will  damp  the 
sound  of  the  note  which  is  last  struck.  The  buff  hammer  should  fall 
on  the  bell  to  be  damped,  at  the  same  instant  that  the  brass  hammer 
strikes  the  succeeding  note  on  its  bell.  This  improvement,  however, 
must  greatly  increase  the  expence  on  such  a clock  ; but  the  effect  of 
buff  or  cloth  hammers  is  so  striking,  that  the  additional  price  ought 
not  to  be  grudged. 

In  Plate  XVII.  81.  A A is  a circle  representing  an  end  view 
of  a clock  music  barrel,  and  a few  of  the  lifting  pins.  The  dart 
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shows  the  direction  in  which  it  turns.  The  letters  a,  #,  a,  a , repre- 
sent a section  or  end  view  of  a brass  piece  thus  shaped.  The  length 
depends  on  that  of  the  barrel,  and  the  number  of  hammers  to  be  let 
into  this  brass  piece,  which  is  called  the  hammer  frame,  the  length  of 
it  being  sometimes  three  or  four  inches,  sometimes  ten  or  twelve. 
The  flat  part  of  the  hammer  tails  fills  up  the  thick  part  of  the  ham- 
mer frame,  into  which  slits  are  made  to  receive  the  hammers.  Near 
to  the  outer  and  lower  angular  part  at  a of  the  frame,  a hole  h is  made 
through  the  whole  length  of  it,  not  drilled,  but  ploughed,  as  the  work- 
men call  it , and  this  is  done  before  any  slits  are  made  in  it  for  the  ham- 
mers. A wire  is  put  through  this  hole,  and  through  corresponding 
holes  in  the  flat  part  of  the  hammer  tails.  This  wire  is  their  centre 
of  motion,  and  the  holes  in  them  are  made  so  as  to  have  freedom  on 
it,  and  the  flat  part  of  the  hammer  tails  are  also  made  to  have  freedom 
in  the  slits  made  to  receive  them.  On  the  under  side  of  the  hammer 
frame  at  b , the  hammer  springs  c , c , are  screwed,  one  for  each  ham- 
mer, acting  on  that  part  of  the  hammer  tail  just  where  it  comes  out 
of  the  thick  part  of  the  hammer  frame.  When  the  pins  in  the 
barrel  raise  up  any  hammer  by  the  nib,  and  carrying  it  away  from  the 
bell,  at  the  instant  the  pin  quits  the  nib,  the  spring  c,  c , by  its  return- 
ing force,  makes  the  hammer  head  give  a blow  on  the  bell  to  elicit, 
the  sound.  To  prevent  any  jarring  in  the  bell  by  the  hammer  head 
resting  or  touching  it  after  having  given  the  blow,  each  hammer  has  a 
counter- spring  acting  near  the  lower  end  of  the  shank,  and  inside  of 
it.  All  the  counter-springs  are  made  to  project  from  one  slip  of  well- 
hammered  brass,  and  screwed  on  the  top  of  three  kneed  brass  cocks, 
fixed  to  the  upper  side  of  the  brass  frame,  d d is  a view  of  the  side 
of  one  of  the  cocks  ; and  e e an  edge  view  of  one  of  the  counter- 
springs. f f is  a side  view  of  one  of  the  bell  studs,  which  are  also 
screwed  on  the  upper  side  of  the  hammer  frame  : an  edge  view  is  seen 
at  ff  81.  y,  y,  g,  g,  are  edge  views  of  the  bells,  g,  g,  82.  is  a side 
view  of  one  of  them  as  fixed  to  its  stud.  In  some  musical  clocks,  in 
place  of  the  barrel  being  made  to  shift  for  change  of  tune,  the  ham- 
mer frame  is  made  to  shift,  carrying  with  it  all  the  hammers  and 
bells.  The  change  or  shifts  of  the  barrel  is  either  done  by  the  hand 
or  by  the  clock  itself.  The  mechanism  for  this  commonly  consists  of 
a wheel  fixed  on  a steel  arbor,  on  the  square  of  which  a hand  is  put, 
which  points  to  the  name  or  number  of  the  tune  marked  on  a small 
dial,  at  which  the  barrel  for  the  moment  stands.  The  diameter  of 
this  wheel  is  about  one  inch  and  a half,  and  sometimes  more  or  less. 
The  rim  is  a strong  and  thick  hoop  or  contrate  form,  having  as  many 
steps  on  it  as  there  are  tunes  set  on  the  barrel,  the  height  of  the  steps 
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being  equal  to  the  space  from  one  tune  to  another.  On  these  steps 
rests  the  kneed  end  of  a double  lever,  about  four  inches  long,  whose 
centre  of  motion  is  in  the  middle,  and  is  either  upon  strong  pivots 
run  into  a kind  of  frame,  or  upon  a stout  pin,  which  goes  through 
the  lever  and  the  brass  stud  in  which  the  lever  moves.  The  other 
end  of  the  lever  bears  on  the  end  of  one  of  the  pivots  of  the  music 
barrel,  which  is  pressed  against  it  by  means  of  a pretty  smart  steel 
spring,  acting  against  the  end  of  the  opposite  pivot.  Concentric  with 
the  hoop- wheel,  and  fixed  on  the  same  arbor,  is  a star- wheel  of  a 
number  according  with  the  steps  on  the  hoop- wheel,  a jumper  with  a 
pretty  strong  spring,  works  into  the  star-wheel,  by  which  means  the 
barrel  is  kept  always  to  its  place,  by  the  lever  bearing  at  one  place  on 
every  step.  Although  the  Figures  which  have  been  given  to  repre- 
sent the  hammer  frame,  hammers,  springs,  and  counter- springs,  bell 
studs,  and  bells  of  music  striking,  are  not  exactly  like  those  which  are 
commonly  made  to  strike  quarters  in  clocks,  yet  they  are  equally  well 
calculated  for  the  purpose  : only  the  nibs  of  the  hammer  tails  need 
not  be  so  far  from  their  centre  of  motion,  being  less  confined  by  the 
pins  in  the  quarter  barrel,  which  are  fewer  in  number  than  those  on  a 
music  barrel.  A quarter  barrel  need  not  be  much  in  diameter,  if  five 
quarters  are  only  to  be  put  on  it.  If  ten  is  intended  to  be  put  on, 
then  the  diameter  should  be  double  that  of  the  other. 

After  having  described  the  method  of  laying  down  the  tunes  on  a 
music  clock  barrel,  it  may  be  thought  unnecessary  to  explain  the 
method  of  putting  on  the  quarters  of  a clock  quarter  or  chime  barrel. 
But,  simple  as  it  is,  we  conceive  it  will  be  both  interesting  to  the 
general  reader,  and  acceptable  to  workmen  who  may  not  be  in  the 
habit  of  contriving  for  themselves,  or  who  may  not  have  had  an 
opportunity  of  seeing  it  executed  by  others. 

Quarters  are  commonly  struck  on  a set  of  eight  bells,  from  G to  G 
in  octave,  or  they  may  be  numbered  1,  2,  3,  &c.  on  to  8.  The  quar- 
ter barrel  may  have  eight  circles,  faintly  turned  on  it,  so  as  to  corres- 
pond to  the  quarter  hammer  tails.  Five,  and  sometimes  ten  quarters, 
are  put  on  the  barrel;  we  shall,  however,  in  this  instance,  only  lay 
five  on  the  barrel.  Take  a wheel  cut  into  50  teeth  not  rounded  off, 
and  screwed  temporarily  on  the  end  of  the  barrel ; provide  an  index, 
and  a piece  of  brass  bent  so  as  to  apply  to  the  barrel  when  in  the  turn 
bench,  in  the  manner  of  a straight  edge,  and  the  index  spring  tight 
in  the  teeth  ; take  a point,  and  make  a slight  trace  across  the  circle, 
which  corresponds  to  high  G or  No.  1,  then  move  the  index  a tooth, 
in  the  direction  the  quarter  barrel  turns  when  moved  by  the  wheel 
work  ; make  a trace  across  the  circle  intended  for  the  second  hammer, 
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and  so  on.  When  the  eighth  circle  has  been  marked,  move  the 
index  two  teeth  or  three  spaces,  and  trace  here  for  the  first  hammer 
of  the  succeeding  quarter,  and  so  on  till  the  whole  is  completed ; the 
barrel  may  then  be  drilled  and  pinned  accordingly.  Should  the  inter- 
vals between  the  quarters  be  thought  too  little  for  locking,  the  wheel 
in  place  of  50,  may  be  cut  55,  and  this  will  allow  three  teeth  in  place 
of  two  for  the  intervals,  the  hammers  will  be  then  a little  quicker  in 
their  succession  to  one  another.  G,  A,  B,  0,  D,  E,  F,  G,  may  also 
be  represented  by  the  figures,  1,  2,  3,  4,  5,  6,  7,  and  8.  No.  1 being 
the  high  G,  and  8 the  low  G.  The  changes  given  in  the  following  set 
of  chimes  or  quarters,  will  exhibit  how  to  proceed  in  putting  them  on 
the  barrel,  after  what  has  been  already  said.  It  will  save  trouble  even 
to  a good  reader  of  music,  but  much  more  so  to  those  who  cannot  read 
it,  to  have  the  straight  edge  piece  of  brass,  numbered  from  the  bells, 
1,  2,  3,  4,  5,  &c.  so  as  to  correspond  with  the  faint  traces  on  the 
quarter  barrel,  or  with  the  hammer  tails ; let  the  notes  of  the  chimes 
have  their  number  marked  as  in  the  example  given  here,  in  the  order 
they  stand  in  the  gamut ; by  this  means  the  notes  can  very  quickly 
be  transferred  to  the  barrel. 

A set  of  Chimes  for  Clock  Quarters ; the  barrel  making  two  revolutions 

in  the  hour. 
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With  the  number  of  8 bells  and  hammers  for  the  quarters  of  a 
chime  or  quarter  clock,  a great  variety  may  be  produced;  and  where 
it  may  be  preferred  to  have  the  chime  or  quarter  barrel  to  make  one 
revolution  for  the  ten  quarters  which  are  given  in  the  course  of  every 
hour,  we  shall  give  a specimen  of  a set  of  chimes  which  may  be  put 
on  such  a barrel.  The  wheel  put  on  for  this  must  have  100  teeth, 
taking  the  same  steps  as  with  the  wheel  of  50. 
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A set  of  Chimes  for  Clock  Quarter  Barrels , which  make  one  revolution 

in  an  hour. 


Organ  Clocks. 


That  music  which  is  produced  by  clocks  with  organ  barrels,  must 
be  greatly  preferable  to  that  of  bells,  and  the  apparatus  for  marking 
the  tunes  on  clock  barrels  is  equally  suited  to  do  the  same  on  barrels 
intended  by  machinery  to  work  or  to  sound  the  pipes  of  an  organ;  the 
difference  consisting  in  marking  off  on  the  barrel  the  spaces  of  the 
longer  and  shorter  notes,  as  in  place  of  pins  they  have  staples  or  bridges 
of  various  lengths,  according  to  the  length  of  the  note,  or  the  time 
which  the  pipe  should  be  allowed  to  sound  it.  The  very  short  notes 
are  by  pins  of  different  thicknesses.  When  an  organ  part  is  put  to  a 
clock,  considerable  power  or  force  of  weight  or  spring  is  required;  small 
as  the  organ  may  be,  or  its  wind-chest,  some  force  is  required  to  work 
the  bellows,  so  as  to  keep  the  wind-chest  full  and  no  more.  To  work 
the  bellows,  that  is,  to  move  the  lower  board  of  them  up  and  down, 
on  the  inside  of  which  is  an  air  valve  that  opens  on  the  board  being 
moved  downwards,  and  on  the  motion  upwards  it  shuts,  and  the  air 
being  then  compressed,  it  is  forced  into  the  wind- chest  by  a communi- 
cation between  them  for  that  purpose,  and  is  ready  to  give  sound  to 
any  of  the  organ  pipes  the  moment  when  any  of  their  valves  should 
open.  This  operation  with  the  bellows,  though  of  a different  shape, 
is  just  the  same  as  with  the  common  bellows  when  blowing  up  a fire. 
The  bellows  is  worked  by  means  of  a short  crank  fixed  on  one  end  of 
the  arbor  of  an  endless  screw,  which  works  into  a trundle  of  a high 
numbered  pinion,  which  is  on  the  end  of  the  organ  barrel,  and  nearly 
of  the  same  diameter  with  it.  On  the  other  end  of  the  endless  screw 
arbor  is  fixed  a small  jagged  pulley,  over  which  is  put  an  endless  silken 
cord,  which  being  continued,  goes  round  another  jagged  pulley  on  the 


422 


ORGAN  CLOCKS. 


end  of  a pinion  arbor  of  one  of  the  quick  running  or  fly  wheels  in  the 
organ  train.  These  wheels  are  regulated  by  a fly,  by  which  the  velo- 
city of  the  organ  barrel  in  turning,  is  brought  to  keep  the  time  required 
for  the  music.  The  wheels,  on  being  impelled  by  the  moving  power, 
which  is  considerable,  (being  greater  than  that  used  in  bell  music), 
communicate  their  motion  by  means  of  the  endless  cord,  and  turn  the 
organ  barrel.  The  pins,  bridges,  or  staples,  on  the  barrel  turning,  act 
on  the  tails  of  levers,  nearly  similar  in  form  to  the  hammer  tails  of 
the  bell  musical  clock,  only  they  are  a little  longer,  and  equally  move- 
able  on  a centre  or  wire.  The  other  arms  of  these  levers  are  in  an 
opposite  direction,  and  are  about  the  same  length  as  those  which  are 
lifted  by  the  staples  on  the  barrel  when  turning,  and  are  a little  broad 
and  flatfish  towards  the  end,  where  the  under  side  (on  the  opposite 
ends  rising)  press  down  on  the  upper  ends  of  the  slender  rods,  whose 
lower  ends  then  by  this  means  open  the  valves  of  the  organ  pipes,  and 
the  sound  is  prolonged  according  as  the  lift  is  pins  or  bridges.  What 
has  been  described  constitutes  the  chief  machinery  in  an  organ  clock. 
Many  ways  may  be  contrived  to  set  the  organ  barrel  in  motion,  and 
at  the  same  time  while  playing,  and  at  the  end  of  a tune,  to  make  the 
clock  of  itself  shift  the  barrel  from  one  tune  to  another. 

By  experience,  when  making  up  an  organ  clock,  we  found  the  making 
of  the  bellows  to  be  rather  a nice  piece  of  business;  if  the  leather  is  on 
the  thick  side,  it  requires  a great  force  to  work  them  and  turn  the  organ 
barrel  at  the  same  time  ; the  bellows  leather  should  be  of  the  thinest 
and  finest  kid,  such  as  that  of  which  ladies’  gloves  are  made;  by  this 
means  the  force  necessary  to  work  them  will  be  greatly  lessened,  though 
still  considerable,  as  it  consisted  of  two  large  barrels,  three  inches  and 
a half  in  diameter,  and  near  to  two  inches  broad,  each  containing  a 
pretty  powerful  spring;  the  two  fusees,  on  one  arbor,  were  in  diameter 
at  the  base,  near  to  two  inches  and  a half.  In  the  organ  train  of 
wheels,  the  numbers  of  the  wheel  teeth  were  80,  70,  60,  and  16,  the 
pinions  16,  14,  12  and  4 threads  to  the  endless  screw,  on  whose  upper 
end  the  wings  of  a fly  were  put,  the  fly  wheel  of  1 6 worked  into  the 
screw ; the  wheels,  barrels,  and  fusees  were  contained  in  a double 
frame,  composed  of  three  plates.  It  may  easily  be  conceived,  by  hav- 
ing so  great  a force,  that  the  first  or  great  wheel  would  require  to  be 
thick,  and  to  have  strong  teeth,  the  leaves  of  the  first  pinion  of  course 
to  be  also  strong.  The  double  frame,  with  the  wheel  wont  for  driving 
the  organ  barrel,  was  fixed  in  the  upper  part  of  the  clock-case  ; the 
organ  barrel,  bellows,  wind-chest,  &c.  were  placed  in  the  lower  part. 
The  clock,  a spring  one,  struck  the  hour,  and  the  quarters  were  struck 
by  a double  blow,  the  pendulum  15  inches  in  length,  the  whole  got  up 
in  an  elaborate  manner,  yet  we  trust  not  injudiciously  so. 
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Musical  Springs. 

Within  these  few  years  a new  species  of  music  by  steel  springs  has 
been  invented  at  Geneva.  From  the  smallness  of  the  machinery  which 
plays  the  music,  it  is  very  surprising  and  curious,  as  it  has  been  put 
into  rings,  seals,  watches,  and  snuff  boxes.  Two  ways  are  used  to  lift 
the  ends  of  the  springs  which  give  the  different  notes  : one  is  by  a 
very  small  barrel,  the  other  by  a plate  wheel.  The  last  being  more 
adapted  to  take  up  little  room,  is  chiefly  used  in  watches.  The  space 
for  the  springs  falling,  after  being  bent  up,  is  short.  A double  set  of 
springs  for  giving  the  same  notes  is  made,  without  which  the  beauty 
of  the  music  could  not  be  produced.  The  number  of  springs  varies, 
for  the  most  part,  from  sixteen  to  twenty-four,  or  upwards.  Those 
springs  which  are  lifted  by  the  barrel  pins  are  straight,  while  those 
which  are  lifted  by  the  pins  in  the  plate  wheel  have  a sort  of  part  pro- 
jecting from  the  end  at  one  side  ; and  this  side  edge  of  the  spring 
lying  over  the  top  of  the  pins  is  taken  away  so  as  to  clear  them.  The 
projecting  part  at  the  end  of  each  spring  corresponds  with  its  own 
lifting  pin.  As  the  pins  are  on  both  sides  of  the  plate-wheel,  this 
allows  a greater  variety  of  notes  than  the  barrel  can  perhaps  admit. 
The  springs  on  the  upper  and  under  sides  of  the  plate-wheel  are  some- 
times sixteen  or  seventeen  on  each  side.  On  the  plate-wheel  are  traced 
16  or  17  concentric  circles,  for  the  pins  to  meet  their  corresponding 
notes,  in  the  springs,  whose  ends  come  each  to  their  corresponding 
circle  both  above  and  under  the  plate- wheel.  An  apparatus  on  a small 
scale  being  made  like  that  which  has  been  described,  will  serve  to  put 
or  mark  the  places  for  the  notes  both  on  the  barrel  and  the  plate- wheel; 
the  only  difference  is,  that  the  barrel  will  require  to  be  marked  by  a 
curved  arm  sliding  on  a steel  rod.  The  concentric  circles  on  the  plate- 
wheel  must  have  short  and  faint  traces  across  them.  This  is  regulated 
by  a thin  straight  edge  laid  in  an  oblique  direction  across  the  circles, 
and  the  intersections  are  afterwards  marked  by  a point.  The  springs 
may  be  easily  tuned  to  their  respective  notes,  as  the  least  thinning 
or  shortening  them  will  make  a very  sensible  alteration  on  the  tone. 
The  tongue  of  a steel  trump , or  Jew’s  harp , shows,  in  some  degree , what 
may  be  done  in  this  way  by  steel  springs.  The  train  which  regulates  this 
very  minute  musical  machinery,  as  may  very  easily  be  conceived, 
must  be  composed  of  a few  very  small  wheels,  the  motive  force  being 
proportionably  small.  It  must  be  a great  effort  of  patience  and 
ingenuity  to  make  them  play  two  or  more  tunes.  However  beautiful 
and  ingenious  the  machinery  of  these  small  contrivances  is,  they  can 
only  be  considered  as  toys  for  amusing  children.  A spiral  steel  spring 
has  been  lately  introduced  into  clocks,  in  place  of  bells. 
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The  following  Table  of  Prime  Numbers,  will  be  found  very  convenient  for  referring  to,  when 
computing  for  Planetary  or  other  Numbers.  It  was  omitted  having  been  placed  as  was 
intended,  under  Chap.  IV.  on  that  very  interesting  subject. 
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2 

193 

439 

701 

1 

1291 

1597 

1901 

2237 

2549 

2851  3209 

3 

197 

443 

709 

10091297 

— 

1907 

2239 

2551 

28573217 

5 
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719 

1013 

— 

1601 

1913 

2243 

2557 

28613221 

7 

457 

727 

1019 

1301 

1607 

1931 

2251 

2579 

28793229 

ii 

211 

461 

733 

1021 

1303 

1609 

1933 

2267 

2591 

28873251 

13 

223 

463 

7S9 

1031 

1307 

1613 

1949 

2269 

2593 

28973253 

17 

227 

467 

743 

1033 

1319 

1619 

1951 

2273 

3257 

1.1 

229 

479 

751 

1039 

1321 

1621 

1973 

2281 

2609 

29033259 

23 

233 

487 

757 

1049 

1327 

1627 

1979 

2287 

2617 

2.909 

3271 

29 

239 

491 

761 

1051 

1361 

1637 

1987 

2293 

2621 

2917 

3299 

31 

241 

499 

769 

1061 

1367 

1657 

1993 

2297 

2633 

2927 

37 
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— 

773 

1063 

1373 

1663 

1997 

2647 

2939 

3301 
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Edinburgh , 4 th  Feb.  1788. — The  following  are  copies  of  Letters  given 
me  by  my  good  friend  Mr  John  Holmes,  watchmaker,  London, 
for  information  on  the  subject  of  Turret  Clocks,  and  were  sent  as 
such  to  him,  by  his  ingenious  friends,  Mr  John  Smeaton, 
engineer,  and  the  Rev.  Wm.  Ludlam,  Professor  of  Mathematics, 
Cambridge.  T.  R. 


From  Mr  John  Smeaton  to  Mr  John  Holmes. 

A nsthorpe , 5 th  July , 1779. 

Dear  Brother  H. 

I congratulate  you  on  your  contract  with  the  Board  at  Greenwich 
Hospital,  so  much  to  your  credit ; and  doubt  not  but  you  will  give 
satisfaction,  only  wish  you  had  had  a little  more  money,  for  though, 
I think,  you  may  save  yourself,  yet  I would  have  wished  you  to  have 
had  an  adequate  recompence  for  the  invention,  care,  and  attendance 
that  must  be  necessary  in  such  an  undertaking.  When  I mentioned 
giving  my  opinion,  I did  not  mean  to  give  you  a plan ; for  that  never 
being  put  to  me,  I never  absolutely  fixed  upon ; I only  think  in 
general,  that  the  plan  commonly  used  by  Father  Hindley,  for  many 
years  past,  was  elegant  and  commodious,  in  giving  liberty  of  length 
for  the  barrels,  without  inelegantly  lengthening  the  pinion  arbors;  but 
as,  especially  in  his  latter  days,  he  got  into  many  schemes,  that  appear 
to  me  to  be  much  more  cost  than  worship,  my  meaning  was  merely 
to  chalk  out  the  outlines,  in  order  to  weed  out  those  things  that  create 
much  trouble  and  difficulty,  and  mean  little  ; and  to  mark  out  those 
things  on  which  a good  performance,  so  as  to  give  satisfaction  to  the 
public  eye  and  ear,  depends ; and  I am  glad  to  see,  both  by  your 
proposal  and  what  your  farther  say  upon  it,  that  your  ideas  and  that 
of  the  town  artists,  are  very  correspondent  in  the  outset  with  my  own ; 
and  as  you  are  pleased  to  say,  you  shall  not  stick  a spoke  till  you 
have  heard  from  me,  I shall  give  you  my  notions  in  the  rough,  as 
they  run,  that  this  great  work  may  suffer  no  hinderance  by  me ; and 


428 


APPENDIX,  (A.) 


perhaps  it  may  be  saving  of  time  to  say,  that  I never  saw  any  work 
of  Hindley’s  that,  upon  the  whole,  gave  my  mind  so  much  satisfac- 
tion, as  that  executed  for  Bishop  Thorpe.  1 stly,  A clock  with  minute 
hands,  two  dials,  and  to  go  eight  days,  in  so  exposed  a situation, 
should  not  only  be  made  stout  and  able,  but  so  contrived  as  to  go 
through  thick  and  thin ; that  is,  aim  it  rather  to  keep  going  tolerably 
with  very  different  powers,  than  framed  for  accurate  measure  of  time, 
when  a pound  or  two  too  little  shall  make  it  stop  entirely.  2 dly,  On 
this  view  I totally  reject  the  idea  of  going  with  two  wheels,  which 
distorts  every  proportion,  and  puts  every  thing  in  distress,  and  all 
this  to  save  a very  trifle  of  friction,  which  Mr  Harrison  very  justly 
observes,  that  in  clock-work  (even  intended  for  an  accurate  measure 
of  time)  means  nothing,  provided  it  is  always  equal.  The  proposition 
here  seems  to  be,  not  to  make  the  clock  go  with  the  least  weight  pos- 
sible, but  to  make  it  bear  as  much  as  possible,  without  a total  derange- 
ment of  the  time ; for  this  reason,  Sdly,  I would  not  wish  the  pen- 
dulum to  be  longer  than  to  beat  30  per  minute,  but  would  give  it 
an  heavy  ball  to  swing  out  well,  with  a deep  escapement,  and  to 
admit  the  angle  of  vibration  without  banking,  to  be  fully  double,  when 
the  clock  is  clean  with  all  its  movements  on,  and  in  calm  weather, 
to  what  will  let  it  escape.  I say  a ball,  for,  in  this  case,  I should  prefer 
a sphere  to  a lens,  that  it  might  take  the  more  air,  and  bear  the 
more  weight ; which  figure  is  also  subject  to  the  least  change  from 
accidental  currents  of  air.  Hindley’s  suspension  and  application  of 
the  crutch  I think  exceeds  all  I have  seen.  4 th,  For  the  reasons 
above,  the  teeth  of  the  swing-wheel  should  be  deep,  and  that  the 
weight  and  pressure  may  not  produce  an  unreasonable  beat  in  the 
pallets,  I would  advise  the  working  part  to  be  at  least  one  inch  in 
thickness ; and  that  the  activity  of  the  main  weight  may  not  be 
curbed  by  the  sluggishness  of  the  swing-wheel,  I would  not  allow  it 
above  30  teeth ; so  that  allowing  about  half  an  inch  to  a tooth,  it  will 
be  about  five  inches  diameter.  As  to  the  escapement,  I would  neither 
make  it  dead,  nor  with  the  common  recoil  with  planes,  but  with  curved 
pallets,  so  that  the  extreme  of  the  recoil  should  be  dead,  and  this,  I 
think,  was  somewhat  near  what  father  Hindi ey  ultimately  came  into. 
5th,  According  to  the  above,  the  swing-wheel  will  go  round  once  in 
two  minutes  ; and  if  in  other  two  wheels  the  turns  be  taken,  6x5 
will  make  the  minute  wheel  go  round  in  an  hour ; and  if  this  is 
driven  8 turns  by  the  barrel  wheel,  the  barrel  will  come  out  9 inches 
diameter ; or  if  7 turns  near  upon  8 inches,  which  perhaps  may  be 
more  commodious,  on  account  of  winding  up  easy,  without  any  pur- 
chase but  a common  handle,  this  will  give  you  coarse  pitches,  with 
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high  numbered  pinions,  and  keep  the  wneels  of  very  moderate  sizes  ; 
and  as  you  will  have  but  24  turns  of  the  barrel  in  one  case,  and 
27-f-ths  in  the  other,  this  will  give  you  an  inch  to  a cord,  and  keep 
the  barrel  of  very  moderate  length ; nobody  will  confide  in  the  strength 
of  your  work,  or  the  strength  of  your  cord,  if  but  one-third  of  an 
inch  in  diameter;  and  in  public  works  appearances  are  to  be  regarded. 
If  the  angles  of  the  minute  spindle  are  considerable,  I should  prefer 
wheels  to  the  universal  joint.  Be  very  careful  to  make  the  teeth 
of  the  dial  work  fit  as  close  as  possible,  otherwise  I think  the 
continual  agitation  of  the  wind  will  produce  too  much  wear  in  that 
part.  6^,  Respecting  the  dial  work,  I would  not  only  balance  the 
hands  very  nicely  as  to  weight  outside,  but  also  observe  to  propor- 
tion the  quantity  of  surface  in  proportion  to  the  distance  from  the 
centre,  so  that  the  power  of  the  wind  shall  be  in  equal  balance  both 
frontways  and  edgeways;  the  balancing  parts  being  painted  black 
upon  black  ground,  will  either  not  be  seen  or  not  regarded.  I would 
not  use  a cock  socket,  but  let  the  hour  hand  be  hung  upon  a socket 
of  at  least  3 feet  length,  bored  truly,  and  the  minute  spindle  turned, 
and  nicely  fitted  thereto;  this  will  throw  the  wheel  work  so  far  from 
the  face  that  a man  can  get  between,  and  oil  the  outward  bearing  o 
the  hour  hand;  and,  if  thought  necessary,  a cap  can  be  contrived  to 
hold  oil;  the  long  socket  can  be  made  to  admit  oil  to  the  spindle 
through  holes  in  the  socket.  Ithly,  I would  conduct  the  striking  part 
upon  the  same  principles;  but  as  you  will  be  obliged  to  strike  upon 
the  second  wheel,  I would  take  as  many  blows  as  convenient  in  the 
time  of  it,  (suppose  8)  in  order  to  get  an  high  numbered  pinion, 
which,  I think,  is  here  material ; and  then  6^  turns  will  bring  you 
about  to  the  same  calculation  in  respect  to  the  barrel  as  the  watch 
part.  I would  not,  to  save  a running  wheel,  have  the  fly  of  a large 
diameter,  and  would  make  it  as  heavy  as  possible,  so  as  not  to  offend 
the  ear,  by  too  sensible  a difference  in  the  pauses  between  the  1st  and 
2d,  and  that  between  the  2d  and  3d,  and  subsequent  blows ; the 
advantage  of  this  towards  continuing  the  notion  with  as  little  loss  of 
power  as  possible  is  obvious.  8 tk,  In  respect  to  the  pinions,  I would 
make  them  either  in  the  compound  way  of  Mr  Hindley,  or  cut  out  of 
the  solid,  as  they  come  cheapest.  If  made  of  iron,  they  are  sufficiently 
lasting,  if  well  figured,  nor  would  I be  at  any  cost  to  render  my  work 
perpetual , for  you  see  clocks  may  be  melted*  as  well  as  worn  out.  Brass 

* In  allusion  to  the  Greenwich  Hospital  clock,  which  was  so,  in  consequence  of  a part  of 
the  building  being  burned  2d  January,  1 709. 
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wheels  I think  very  sufficient,  nor  would  I use  any  bell  metal,  except 
for  bushing  the  swing  wheel,  and  verge  pivot  holes.  I would  content 
myself  with  making  a sound  substantial  piece  of  work,  strong  and  able 
to  go  through  its  business  without  complaining.  I am,  & c.  J.  S. — 
P.  S.  Respecting  the  necessary  weight  of  the  hammer,  and  height  to 
which  it  should  be  raised,  I believe  friend  Ludlam  will  be  your  best 
adviser.  I speak  in  positive  terms,  to  avoid  unnecessary  words,  but  I 
do  not  expect  you  to  take  any  thing  from  me  on  this  subject  that  is 
contrary  to  your  own  judgment.  I have  seen  much  trouble  taken  to 
do  harm,  which  I would  wish  you  to  avoid. 

The  Rev.  William  Ludlam , Professor  of  Mathematics  in  Cambridge 
University , to  Mr  J.  Holmes. 


July  1 , 1779. 

Dear  Sir, 

I choose  to  answer  you  now,  though  I must  do  it  hastily  and  imper- 
fectly, rather  than  by  delay,  to  make  it  of  little  use. 

A turret  clock,  with  a minute  hand,  is  difficult  to  make  in  any  way 
so  as  to  be  safe.  The  snow  in  winter  will  freeze  in  large  lumps  upon 
the  minute  hand,  and  then  the  eddy  winds  will  whisk  it  round  every 
way.  Mr  Hindley  had  very  good  reasons  for  putting  his  dial 
within  side  of  the  church  at  York.  It  is  safer  to  do  with  an  hour 
hand  only;  if  that  may  not  be,  contrive,  if  possible,  to  sink  the 
dial  plate  within  some  bold  moulding,  or  place  it  in  any  recess  that 
is  proper,  shade  the  hands  all  you  may  from  the  wind,  and  do  not 
make  the  heart,  at  end  of  the  minute  hand,  bigger  than  necessary, 
to  be  readily  seen.  The  hands  must  be  balanced  within,  not  without; 
for  that  adds  to  the  power  of  the  wind,  and  is  unsightly.  The 
dial  wheels  should  be  large  to  resist  the  force  of  the  wind  trying 
to  turn  the  hands.  The  dial  wheels  cannot  be  too  large.  The 
purchase  which  a long  minute  hand  has  over  the  teeth  of  a small 
minute  wheel,  frequently  gives  the  wind  power  to  strip  the  teeth  all 
round.  The  socket  work  is  often  made  of  gun  barrels;  beware  of 
iron  in  the  socket  work  of  the  hands,  it  is  sure  to  rust  and  set  all 
fast;  and  when  the  scaffolds  are  struck,  perhaps  you  cannot  come  at 
the  hands.  Sometimes  it  is  possible  to  make  the  middle  of  the  dial 
plate  take  out,  so  as  to  come  at  the  hands  from  within;  when  this 
can  be  done  it  is  very  convenient.  It  is  a very  great  advantage  to 
have  a 13  foot  pendulum;  from  many  trials,  1 am  sure  no  short  pen- 
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dulum  will  go  well;  nothing  can  make  a 9 inch  pendulum  go  as 
well  as  one  of  three  feet,  nor  one  of  3 feet  equal  to  a 13  feet; 
though  the  advantage  of  the  latter  over  the  second  sort  is  not  quite 
so  great  as  the  advantage  of  the  second  sort  over  the  first,  especially 
within  doors ; but  the  advantage  of  a 1 3 foot  in  a turret,  or  with- 
out doors,  over  a 3 foot,  is  very  great.  I am  of  Mr  Hindley’s 
mind,  52  feet  would  be  better  still.  I will  endeavour  to  expound 
the  doctrine  on  which  this  maxim  is  founded.  ls£,  It  is 
desirable  that  the  clock’s  force  on  the  pendulum  ball  should  be 
but  small  in  comparison  of  gravity's  force;  yet  the  clock’s  force 
must  be  adequate  to  all  the  impediments  to  the  motion  of  the  pendu- 
lum. 2 d.  Both  the  clock’s  force  and  that  of  the  impediments  will 
vary;  but  the  less  the  variable  part  of  the  clock’s  force  is,  to  the 
whole  of  the  clock’s  force  impressed  on  the  ball,  the  better.  Com- 
pute now  the  force  with  which  the  weight  acts  upon  the  pendulum  rod 
at  a given  distance  from  the  point  of  suspension;  suppose  6 inches, 
and  the  proportion  of  the  clock’s  force  there  to  its  force  on  the  ball 
will  be,  as  the  length  of  the  pendulum  to  that  given  distance;  with  a 
long  pendulum,  therefore,  you  may  apply  a greater  weight  to  the 
clock  barrel,  (than  with  a short  pendulum)  and  yet  keep  the  clock’s 
force  on  the  ball  the  same.  Now,  the  greater  the  weight  on  the  bar- 
rel, the  less  will  be  the  proportion  which  the  variable  part  of  the  clock’s 
force  (arising  from  change  of  friction,)  be  to  the  whole  force.  The  abso- 
lute friction,  or  absolute  variable  force,  is  a little  increased  by  the 
increase  of  weight,  but  the  proportions  of  its  variations  to  the  whole 
is  lessened.  In  clocks  so  exposed  and  so  neglected  as  turret  clocks 
commonly  are,  you  must  lay  on  a great  weight  to  drag  the  clock 
through  fair  weather  and  foul  weather,  and  yet  you  must  not  (as  Mr 
Mudge  would  say,)  make  the  auxiliary  force  too  great,  or  as  Harrison 
(by  a very  significant  metaphor  expressed  it,)  give  the  clock  (that  is, 
the  clock  weight  through  the  uncertain  intervention  of  the  wheels,) 
the  dominion  over  the  pendulum.  From  what  I have  said,  you  will 
see  that  the  weight  of  the  ball  ought  to  be  50  or  60  pounds.  As  to 
shape,  I think  some  resistance  of  the  air  far  from  being  of  disservice; 
the  worst  forms  are  those  where  the  matter  in  the  ball  is  spread  out 
wide,  and  distant  from  the  axis  of  the  pendulum  rod,  and  I think  a 
globe  the  best  form.  It  is  of  the  utmost  consequence  to  have  the  axis 
of  the  rod  pass  through  the  centre  of  gravity  of  the  ball,  otherwise  the 
action  of  the  clock  will  generate  a rotatory  motion  of  the  ball  round 
the  axis  of  the  pendulum  rod,  as  well  as  a vibratory  motion.  This 
is  best  guarded  against  by  making  the  ball  a sphere.  If  the  ball,  by 
any  accident,  gets  this  rotatory  motion,  it  will  subside  sooner  in  this 
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case,  than  when  the  matter  of  the  ball  is  spread  out  sideways.  The 
gridiron  pendulums  are  in  this  respect  inconvenient  things.  It  is  no 
small  difficulty  to  determine  in  what  way  to  make  the  rod;  if  of  iron, 
it  will  vary  with  heat  and  cold;  even  in  this  case  it  should  not  be  a 
single  bar,  but  a frame.  A frame  like  that  (See  Plate  XIX.  Fig.  R) 
was  used  by  Eayre,  of  Kettering.  The  pin  of  the  crutch  took  hold  of 
the  cross  bar  P R at  the  top.  The  several  bars  of  the  frame  were 
rivetted  at  the  joinings.  A single  rod  of  13  feet  will  either  be  very 
weak  or  very  heavy.  The  framed  rods  of  T.  Eayre  were  light  and  yet 
stiff ; whether  a wooden  rod  could  be  put  together  in  some  such  way, 
I know  not.  I would  have  the  tail  or  flat  of  the  crutch,  steel,  and 
hard,  to  be  dipt  by  two  fine  screws  of  steel,  also  hard  : no  oil  to  be 
interposed.  Here  I must  refer  you  to  paragraph  86  and  87  of  my 
Astronomical  Observations  ; I prefer  this  to  the  jointed  crutch  of  Mr 
Hindley  in  small  clocks,  and  much  more  in  turret  clocks.  If  you 
think  the  hardened  steel  parts  will  rust,  you  may  set  an  agate,  ground 
flat  with  parallel  sides,  for  the  screws  to  bear  against.  The  force  of 
the  clock  has  a strong  tendency  to  twist  the  jointed  crutch  of  Mr 
Hindley;  and  the  parts  of  it,  from  their  shape,  have  very  little  tend- 
ency to  resist  that  twist.  There  is  difficulty  in  providing  a proper 
spring ; two  springs  are  used  to  prevent  the  twisting  of  the  rod  ; but 
no  two  springs  can  be  made  so  alike  in  temper  and  thickness  as  to 
bend  exactly  alike.  If  a single  spring  is  used,  care  should  be  taken 
that  it  be  not  thicker  on  the  one  edge  than  the  other.  I think  a spring 
for  a 1 3 foot  pendulum  should  be  about  ^ inch  broad,  by  about  3 
inches  in  the  working  part;  should  be  pinched  very  tight  in  the  pen- 
dulum rod,  and  also  very  tight  in  the  cock  ; in  both  cases  between 
parts  or  cheeks  filled  perfectly  flat.  And  the  cock,  if  it  can  be,  should 
be  screwed  or  bolted  to  a rock  as  big  as  the  Hospital;  by  no  means  to 
what  is  loose  or  weak,  or  liable  to  warp  or  twist  with  the  change  of 
weather.  Provision  should  be  made  to  catch  the  pendulum  in  case  the 
spring  should  break.  See  my  observations,  par.  89.  As  to  escape- 
ment, by  all  means  make  it  to  retreat.  I have  four  clocks  in  the 
house, — three  with  dead  seconds,  one  retreat;  none  of  them  keep  time, 
fair  or  foul,  like  the  last.  This  kind  of  escapement  gauges  the  pendu- 
lum, the  dead  seconds  leaves  it  at  liberty.  The  church  clock  of  Shef- 
field was  made  dead  seconds,  the  pendulum  13  feet.  When  the  work 
was  worn  smooth,  the  pendulum  increased  its  swing  a foot  on  eacli 
side.  Harrison  rejects  the  dead  seconds  in  all  cases  with  the  utmost 
indignation;  but  it  does  the  worst  in  clocks  exposed  to  weather.  The 
common  escapement,  taking  in  seven  teeth,  (the  whole  number, 
being  30)  is  a good  one ; but  the  face  of  the  leading  pallet 
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should  not  be  a plane,  but  be  rounded  off,  whilst  the  face  of  the 
driving  pallet  is  an  exact  plane,  and  then  the  retreat  on  each  pallet 
may  be  made  equal.  In  these  pallets,  the  tooth  does  not  escape  till 
the  pendulum  has  ascended  3 degrees;  of  course  a great  weight  is 
required.  You  may  make  a very  good  escapement  by  making  the 
pallets  take  over  10  teeth,  and  the  pendulum  to  escape  at  1^  degree. 
In  this  case,  half  the  former  weight  will  have  an  equal  force  on  the 
pendulum  ball,  when  all  other  circumstances  are  the  same.  I have 
sent  a drawing  of  this,  with  the  construction  according  to  my  book, 
par.  184,  and  have  just  set  out  a large  clock  for  a gentleman’s  kitchen 
on  this  construction.  It  is  also  executed  by  a workman  here.  See 
Fig.  1 . Plate  XIX.  The  greater  fall  you  can  obtain  for  your  weight, 
the  better,  and  especially  the  more  turns  you  can  allow  for  your  first 
wheel,  and  the  lighter  you  can  (in  consequence,)  make  the  weight.  If 
you  have  many  turns  of  the  line  on  the  barrel,  you  may  want  length 
for  the  barrel.  Two  ways  are  used  for  this.  One,  which  is  called  a 
double  frame,  the  lower  part  of  the  frame  wider  than  the  upper  part. 
See  Fig.  2.  The  one  frame  behind  the  other.  The  arbor  of  the  great 
wheel,  comes  through  the  first  frame,  and  has  a square  like  as  for  a 
winding  key,  but  on  this  square  is  put  the  ratch-wheel;  the  end  of  the 
square  is  hollow,  and  receives  the  pivot  of  the  barrel  arbor,  and  admits 
the  barrel  head  to  bear  against  the  ratch-wheel,  and  the  barrel  head 
carries  the  click.  The  other  end  of  the  barrel  arbor  goes  through  the 
second  frame,  and  has  a square  for  the  winding  key.  I like  this  the 
best,  Fig.  3.  Donnisthorpe,  of  Birmingham,  (the  best  maker  of  church 
clocks  I know,)  made  an  excellent  clock  for  Deritend  chapel  in  Bir- 
mingham, in  this  manner.  That  man  and  his  affairs  are  strangely 
disordered;  if  he  could  be  set  right  he  would  be  a most  useful  hand. 
I suppose  you  know  that  it  is  of  consequence  on  which  side  of  the  bar- 
rel the  line  comes  down,  especially  if  the  barrel  be  large.  Let  B be 
the  barrel,  &c.  For  what  is  similar  to  this  fart  of  Mr  Ludlams  letter, 
see  page  401,  and  Diagram , Plate  XIV. 

I think  I have  now  done  with  the  watch  part.  It  is  often  very 
advisable  to  have  the  watch  part  and  striking  part  in  separate  frames, 
especially  if  there  be  quarters.  That  the  striking  may  be  regularly 
discharged  without  fail,  you  know  by  the  example  of  the  York  clock. 
A very  large  frame  is  seldom  strong.  Two  smaller  frames  are  in  many 
cases  both  cheaper  and  stronger,  and  the  strength  of  the  framing  is 
much  increased  by  diagonal  braces  or  crosses  in  Mr  Smeaton’s  manner. 
This  is  far  preferable  to  the  depending  on  the  shoulders  of  the  tenors 
only.  It  is  a good  method  to  make  the  hammer  heavy,  but  to  let 
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the  weight  in  a great  measure  rest  on  the  joint  pin  or  arbor  on  which 
it  (the  hammer)  turns.  Mr  Hindley  did  so  at  York;  by  this  means 
the  weight  to  be  raised  by  the  clock  is  not  too  much;  the  quantity  of 
matter  in  the  hammer-head  considerable,  and  the  blow  is  made  so  slow 
and  leisurely,  that  time  is  given  to  waken  thoroughly  a large  bell. 

In  large  work  there  should  always  be  a double  locking,  in  Mr  Hind- 
ley’s  manner.  The  principal  locking  detent  should  be  strong,  the 
locking  piece  bear  it  down  with  a good  force,  while  an  hook  holds  it 
up,  which  hook  is  removed  in  order  to  set  the  clock  a striking.  The 
clock  at  Deritend,  in  Birmingham,  is  in  this  way.*  I do  not  think 
the  repeating  way  so  safe  as  the  locking  plate,  carried  on  by  a pinion. 
The  worst  is  where  the  locking  plate  hath  78  ratch  teeth,  and  is  car- 
ried on  by  a pallet.  I have  known  it  fail  through  foulness  of  the 
work.  Clocks  of  this  sort  should  go  fair  or  foul. 

There  are  great  diversities  in  making  the  pinions.  The  lantern 
pinion  in  parts,  after  Mr  Hindley’s  fashion,  is  troublesome  to  make. 
I have  seen  them  put  on  an  arbor  filed  into  5 sides,  and  followed  by 
a screw : but  the  screw  is  very  apt  to  set , that  is,  to  bend  the  arbor 
when  it  is  forced  up;  sometimes  the  pinions  are  put  on  a square  and 
pinned,  sometimes  made  out  of  the  solid,  sometimes  all  steel,  some- 
times iron  case-hardened.  W.  L. 

P.  S.  I have  seen  turret  clocks,  where  many  hands  and  much  load 
has  been  on  the  dial  work,  have  a barrel  and  weight  to  keep  the  hands 
pressing  forward  with  great  force,  which  weight  was  wound  up  when 
the  clock  weight  was.  It  was  in  circumstances  where  I do  believe 
the  clock  could  not  have  carried  forward  the  great  load  of  dial  work. 
I cannot  see  the  disadvantage  of  three  wheels  more  than  two,  so  much 
as  you  seem  to  account  it.  In  the  watch  part,  let  the  wheels  and 
pinions  be  of  a large  diameter,  well  toothed,  sized,  and  pitched,  (yet 
the  wheels  light,)  the  pivots  rather  small,  the  frame  stiff,  and  not 
encumbered  with  the  running  of  the  wheels  in  the  striking  part,  (espe- 
cially if  quarters,)  a frame  behind,  if  you  want  length  of  barrel,  and 
then  3 wheels  will  not  hurt.  By  all  means  make  the  pendulum  rod 
of  wood.  It  may  be  flat,  two,  or  even  three  inches  broad,  and  one 
thick.  The  regulating  ball  may  be  above  the  fixed  ball  in  two  parts, 
and  pinch  the  flat  between  the  parts,  and  slide  up  and  down.  The 
regulating  ball  will  have  the  most  effect  when  in  the  middle.  See  my 
book,  par.  165. 

* In  this  case  the  pin  that  raises  the  detent  must  both  raise  it,  and  also  pass  it  in  the 
time  of  making  the  last  stroke.  When  the  detent  is  raised,  the  hook  will  catch  and  hold  it 
up,  but  unless  the  pin  passes  the  detent,  it  cannot  drop  down  again  when  the  hook  is 
removed  for  striking. 
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From  the  Ret.  William  Ludlam , to  Mr.  Holmes. 

30th  Aug.  1779. 

When  I proposed  to  balance  the  hands  from  within,  I did  it  only 
to  lessen  the  surface  on  which  the  wind  acts,  and  its  influence  on  the 
hands.  Mr.  Smeaton  very  judiciously  proposes  to  make  the  action 
of  the  wind  balance  itself,  and  so  have  no  effect  to  turn  the  hands 
round.  Nor  did  I consider  the  danger  of  the  hands  getting  loose 
on  the  square  by  their  own  weight,  nor  their  tendency  to  twist  the  rod. 
I come  over  entirely  to  your  opinion  of  balancing  the  hands  with- 
out, and  think  Mr.  Smeaton’s  proposal  should  by  all  means  be  adopted. 
The  long  socket  proposed  by  Mr.  Smeaton,  for  the  arbor  of  the  hand, 
will  support  the  rod,  and,  by  touching  all  the  way,  there  will  be  no 
danger  of  galling  or  biting;  but  then  the  metal  in  contact  should  not 
be  iron  against  iron ; they  will  rust  and  set  fast ; what  think  you  of 
brass  against  bell-metal  of  a proper  composition,  that  is,  not  too  hard? 
You  must,  in  this  case,  by  all  means,  cut  asunder  the  rod  as  soon  as 
it  comes  out  of  the  socket,  and  join  the  parts  with  Hooke’s  joint. 
Indeed  such  a joint  is  necessary,  in  whatever  way  you  proceed;  with- 
out it,  if  the  clock- frame  settles,  or  the  building  warps,  the  hands  will 
be  set  fast;  nor  can  the  dial-plate,  and  the  socket  spoken  of,  be  set  so 
true  to  the  work  in  the  clock-frame,  as  that  all  shall  be  free.  This 
allowing  the  rod  to  bend  in  that  place,  the  two  parts  of  the  rod  making 
a very  obtuse  angle,  remedies  all  this  danger.  I speak  here  of  the  long 
rod  coming  from  the  clock-frame,  and  carrying  the  minute  hand,  or  the 
rod  conducting  the  minute  hand;  for  you  speak  of  this  rod  as  turning 
round  in  an  hour  and  a half.  I suppose  you  will  adopt  the  toothed  rim 
of  the  contrate  wheels,  not  at  right  angles  to  their  planes,  but  making 
an  angle  of  135  degrees,  (the  supplement  of  45°  to  180°)  as  in  Fig.  1. 
Plate  XVIII.  These  sort  of  contrate  wheels  tooth  together  far  more 
kindly  than  the  common  sort,  (as  in  watches)  when  the  two  wheels  are 
of  a size.  Where  the  contrate  wheel  turns  a pinion,  and  only  one  or 
two  leaves  of  that  pinion  at  a time  are  engaged  in  the  teeth  of  the  con- 
trate wheel,  then  the  common  way,  as  in  watches,  does  very  well.  The 
danger  and  mischief  of  the  parts  of  a machine  biting  or  galling  each 
other  is  very  great,  especially  when  the  parts  bear  with  great  force  on 
each  other;  and,  with  respect  to  the  swing-wheel,  it  should  be  -Jths  of  an 
inch  broad  at  the  webb.  Old  Harrison  made  the  swing-wheel  of  the 
clock  belonging  to  Trinity  College,  in  Cambridge,  as  much  or  more;  but 
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the  webb  was  but  about  xVth  of  an  inch  thick  (when  seen  flatwise).  He 
also  gave  a very  odd  shape  to  the  teeth  of  the  wheel,  Fig.  2,  in  order 
that  the  teeth  might  roll  upon  the  pallets  and  not  slide;  because,  by 
rolling,  they  would  tear  up  (and  that  with  a purchase)  any  matter 
that  might  glue  the  teeth  and  pallet  together,  and  also  to  make  the 
retreat  equal  on  each  tooth;  see  my  quarto  book,  Art.  197.  The 
pallet  frame  was  brass,  the  pallets  steel,  and  screwed  in  as  you 
see.  That  part  of  the  pallet  frame  of  a light  colour,  is  about  £ 
inch  thick,  the  end  that  holds  the  pallets  full  fths.  Pray,  show  Mr. 
Kendall  this  curiosity.  I am  confident  (with  Mr.  Smeaton’s  leave) 
that  you  cannot  make  a church-clock  go  so  well  with  a 3 feet  pendu- 
lum as  with  one  of  1 3 feet ; for  you  cannot  lay  that  force  upon  the 
wheels  necessary  for  foul-weather-work,  and  the  neglect  of  the  parish 
sexton,  and  yet  keep  a sufficient  dominion  of  the  pendulum  over 
the  wheels,  unless  it  be  much  more  than  3 feet;  because  the  force  of 
the  swing-wheel  upon  the  ball,  (supposing  the  fashion  of  the  escape- 
ment the  same,  that  is,  the  pallets  and  swing-wheel  similar)  is  dimi- 
nished in  proportion  of  the  length  of  the  longer  pendulum  to  the 
length  of  the  shorter.  I had  not  computed  the  swing  of  the  pendu- 
lum when  I wrote.  The  chord  of  3 degrees  on  a radius  of  39.2  is 
2.05  inches,  and  on  a radius  of  13  feet,  0.8  inches,  is  only  8.2,  so 
that  if  you  take  the  common  escapement,  and  drop  off  at  three  de- 
grees, and  swing  4 or  4^  degrees,  the  pendulum  will  not  have  too 
much  motion.  I perfectly  agree  with  Mr.  Smeaton  in  desiring  the 
pendulum  should  move  20  inches  or  near  for  the  escapement,  and  have 
room  for  20  inches  more  for  vibration.  The  cycloidal  cheeks  are  not 
of  great  use,  as  cycloids ; but  in  large  clocks  they  govern  the  spring, 
prevent  it  from  bending  irregularly  or  suddenly  in  weak  places,  which 
often  occasions  it  to  break  in  those  places.  Fig.  3.  are  the  cheeks  of 
Trinity  College  clock,  Cambridge.  The  pendulum  is  6 feet  4 inches 
long,  escapes  at  4.5  inches,  or  3°  24'.  Whether  Harrison’s  cycloidal 
cheeks  are  brass  or  iron,  I forget,  but  1 think  brass,  very  thick  and 
strong,  and  very  firmly  fixed,  and  I believe  their  form  circular,  from  a 
radius  of  five  inches.  In  some  instances  he  used  a circle  of  four  inches 
radius.  By  all  means  make  provision  to  catch  the  pendulum,  if  the 
spring  should  break.  I agree  with  Mr.  Smeaton,  that  a cylindrical 
rod  of  2 inches  diameter,  or  more,  is  preferable  to  any  framed  one. 
If  you  suspend  the  weight  by  a single  line,  the  rope  will  untwist, 
if  by  a double  line  and  pulley,  as  in  an  eight-day  clock,  the  force  of 
twisting  in  the  line  will  often  twist  the  two  lines  together  into 
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one;  especially  when  the  weight  has  descended  a great  distance 
from  the  upper  works,  from  whence  the  lines  come  down.  In 
these  cases  I have  put  an  arm  to  the  weight,  with  a wheel  at  the 
end;  which  wheel,  by  the  twisting  of  the  line,  bears  against  a smooth 
wall,  and  so  stops  the  twisting.  Consider  of  this.  At  all  adven- 
tures, it  will  be  proper  to  put  somewhat  to  receive  the  weight  if 
it  should  fall.  Nothing  better  than  a great  stone  upon  a wool-sack. 
Perhaps  Dr.  Hook’s  rope  and  arm  had  better  be  employed  to  guide 
the  weight  to  the  wool-sack,  than  to  catch  it.  I am  afraid  the  sudden 
jerk  would  break  the  safety-rope,  and  toss  the  weight  to  a great  dis- 
tance. If  the  weight  be  stone  or  cast  iron,  the  stone  at  the  bottom 
should  have  a bed  of  sand  upon  it;  or  rather  you  should  substitute  a 
box  of  sand  instead  of  the  stone.  If  stone  dash  against  stone,  or 
against  cast  iron,  it  will  certainly  fly  into  fragments,  and  that  may  be 
mischievous.  Malt  dust  is  very  elastic,  and  yet  solid;  but  will  not 
the  mice  eat  it?  Is  saw-dust  not  better?  In  the  following;  figures, 
neither  the  proportion  nor  the  arrangement  of  the  parts  is  regarded. 
The  drawings  are  intended  to  show  only  the  manner  in  which  they 
act  on  each  other.  The  arrows  in  the  wheels  show  which  way  they 
turn.  Fig.  4.  is  the  manner  of  locking  and  unlocking  the  great  clock 
at  York.  A is  the  count-wheel  which  determines  the  number  of 
strokes,  and  goes  once  round  in  78  strokes.  ( La  Roue  de  compte.) 
B is  the  detent  wheel  which  goes  once  round  in  one  stroke.  (La 
Roue  d'Etoteau.)  D is  the  detent — d is  the  locking  piece  rivetted 
or  screwed  to  the  detent;  e is  a like  piece  screwed  to  the  webb  of 
the  wheel  B.  The  surface  where  these  two  meet  is  sloped  pretty 
much,  and  the  wheel  pressing  with  great  force,  (by  reason  of  the 
weight  required  to  raise  the  hammer,)  the  detent  D is  pressed 
downward  with  so  great  a force,  that  the  watch-part  would  not  have 
force  sufficient  to  raise  it  up,  as  is  done  in  common;  and  were  the 
slope  of  the  parts  d and  e lessened,  or  were  they  square,  the  force  of  the 
wheel  B might  drive  the  detent  upwards,  and  the  clock  not  lock  safe. 
H is  an  hook  (le  crochet)  which  holds  up  the  detent  when  raised;  the 
end  of  the  detent  D,  which  presses  on  the  hook,  presses  (in  the  York 
clock)  with  but  about  the  fourth  of  its  force  at  d;  the  bearing  parts 
are  nearly  square,  and  the  hooks  easily  drawn  back.  K is  the  arm 
of  the  hook.  L is  the  great  loaded  lever  raised  by  the  clock;  hav- 
ing a weight  at  the  end  of  the  longer  arm,  and  a nag’s  head  N,  at 
the  end  of  the  shorter  arm,  which,  in  lifting,  passes  the  end  K of  the 
arm  of  the  hook,  and  gets  underneath  it  (as  here  drawn).  The  work 
is  then  charged,  or,  on  the  warning,  when  the  lever  is  let  go,  it  raises 
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the  hook,  but  the  tail  K and  the  nag^s  head  part  asunder  at  the  point 
opposite  to  p,  and  the  hook  returns  to  its  proper  position  of  rest.  In 
the  meantime  the  detent  D drops  down,  the  piece  d falls  below  e, 
the  clock  strikes.  At  the  last  blow,  a pin  g,  in  the  count-wheel,  lays 
hold  of  the  talon,  or  nib  of  the  other  arm  F of  the  detent,  raises 
the  arm  D,  and  the  hook  H being  now  ready  to  receive  it,  gives  way 
to  let  it  pass,  and  then  hooks  it  up,  so  that  the  piece  e meets  the 
piece  d , and  the  clock  is  locked  up.  But  the  pin  q must  both  raise 
the  detent  to  the  full  height  of  the  hook,  and  also  pass  the  nib  F in 
the  time  of  the  last  blow;  for,  if  the  pin  q is  not  clear  of  F,  the  de- 
tent cannot  drop  at  the  next  hour. 

This  work  can  never  miss,  if  the  nag’s  head  N ( le  pied  de  Biche ),* 
does  not  stick,  and  its  spring  be  sufficient  to  return  to  its  place.  Le- 
vering or  coal-weighing  the  hook  from  under  the  detent,  (by  the 
purchase  of  the  weight  at  the  end  of  the  lever)  is  a cooler  motion, 
and  far  more  certain  than  jogging  it  off  by  a pendulum,  which  hangs 
close  to  the  hook.  This  pendulum  is  drawn  back  by  the  clock,  and 
being  let  go,  presses  beyond  its  place  of  rest,  gives  the  hook  a blow, 
or  a jog  on  the  elbow,  and  so  knocks  it  off  its  hold.  If  the  blow  is 
weak,  it  may  not  jog  it  off;  if  the  pendulum  is  drawn  a great  way,  it 
may  continue  its  vibrations  and  jog  it  off  a second  time,  and,  at  the 
short  hour  of  one,  may  discharge  the  clock  again.  When  this  piece 
goes  by  a spring,  it  is  called  a flirt  {le  detent  a faucet).  Whether 
you  use  a loaded  lever,  or  a jogging  pendulum,  you  have  the  whole 
hour  to  do  it  in,  (but  of  this  more  hereafter).  Mr.  Hindly  had  but 
a quarter  of  an  hour,  (for  the  quarter  part  was  discharged  by  the 
watch  part),  and  therefore  he  was  obliged  to  employ  every  minute  of 
time.  Fig.  5.  is  a repeating  part  having  this  property,  that  it  is  dis- 
charged without  lifting  against  the  striking  weight  of  the  clock.  At 
the  last  blow  the  rack  raises  the  arm  L of  the  detent,  by  which  means 
the  striking  is  stopped.  At  discharging,  one  arm  of  the  lifting  piece 
H gets  under  the  arm  K of  the  detent,  so  that  when  the  [le  crochet) 
gathering  piece  G is  lifted  out  of  the  rack  0,  the  detent  cannot  fall 
although  the  rack  falls.  This  makes  warning.  When  the  lifting 
piece  falls  back,  the  clock  strikes.  But  observe:  The  ends  of  the  pieces, 
K and  H,  must  be  so  formed,  that  if  the  striking  weight  should  be 
down  in  striking,  and  the  arm  K be  fallen,  that  then  the  lifting  piece  H 

* If  a joint  is  of  such  a sort,  that  the  two  parts,  when  in  their  constant  and  regular 
position,  make  nearly  a right  line,  I would  then  call  it  a deer’s  foot  joint, pied  de  Biche. 
When  these  parts,  at  the  regular  position,  make  an  obtuse  angle,  such  as  the  head  of  an 
horse,  I would  then  call  it  a nag’s  head  joint,  tele  de  cheval. 
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may  raise  it  up,  and  not  stop  against  it;  for  this  would  stop  the  watch 
part.  Fig.  6.  Plate  XIX.  is  a new  way  of  raising  the  vertival,  (in 
French,  la  bascule ) or  arm  that  raises  the  hammer.  Here  the  wheel 
has  only  4 pins,  A is  the  vertival  in  the  common  way,  B is  the  ver- 
tival  in  the  new  way,  b is  the  section  the  contrary  way.  This  ver- 
tival ought  to  be  of  such  a shape  as  to  pass  the  arbor  of  the  wheel, 
though  not  so  drawn.  In  both  cases,  the  pin  will  slide  upon  the 
vertival.  In  the  former  case,  the  quantity  of  sliding  is  the  sum 
of  the  versed  sines  of  the  arch  described  by  the  lifting  pin,  and 
of  the  arch  described  by  the  end  of  the  vertival;  in  the  latter 
case,  the  quantity  of  sliding  is  the  difference  of  those  two  ver- 
sed sines,  and  therefore  less  by  double  the  lesser  of  those  versed 
sines.  In  the  former  case,  the  pin  wheel  and  vertival  turn  contrary 
ways.  In  the  latter  the  same  way.  In  the  former  case,  exactness  in 
fitting  the  centres  is  not  necessary;  in  the  latter,  a little  wearing  in 
the  centres  will  much  alter  the  height  to  which  the  hammer  is  raised. 
In  the  latter  case,  the  pins  should  not  be  round,  but  flat  pieces  screw- 
ed to  the  wheel.  Even  in  the  case  of  pins,  it  is  best  to  make  them 
only  half  round,  so  that  the  vertival  drops  off  from  an  edge.  York 
clock  is  so.  Fig.  7.  regards  the  manner  of  lifting  in  the  watch  part 
for  discharging  the  striking  part.  When  you  lift  by  a pin  in  the 
common  way,  you  can  lift  only  for  half  a revolution  of  the  lifting- 
wheel,  that  is  in  common  cases  for  half  an  hour.  You  must  there- 
fore be  idle  for  half  an  hour,  and  of  necessity  you  must  do  an  hour’s 
duty  in  half  an  hour’s  time,  and  therefore,  while  you  do  work,  must 
labour  twice  as  hard  as  is  necessary,  if  you  take  the  whole  hour.  Be- 
sides, it  is  not  proper  to  have  the  duty  so  unequal;  it  is  best  to  be 
at  all  times  nearly  equal.  Lift  it  therefore  from  a two-hour  wheel, 
with  two  pins;  but  if  you  lift  in  common  with  the  lever  A,  Fig.  7. 
you  cannot  with  two  pins  lift  the  whole  hour,  or  through  an  entire 
semicircle;  but  in  the  new  way  before  mentioned,  with  the  lever  B, 
you  may  lift  through  an  entire  semicircle,  or  for  the  whole  hour.  If 
the  centre  of  B could  be  placed  within  the  circumference  of  the  wheel, 
you  might  lift  for  fths  of  a revolution  of  the  wheel  or  more.  What 
has  been  written,  are  thoughts  as  they  occurred,  with  little  or  no 
reference  to  yours.  I will  now  speak  to  yours.  Your  wheels  are  of  a 
noble  size,  and  the  numbers  high  ; but  I cannot  clearly  understand 
your  design.  There  are  156  strokes  of  the  striking  part  in  24  hours, 
and  1 248  in  8 days.  There  are  45£  strokes  in  one  turn  of  the  great 
wheel,  and  consequently  27^-  turns  of  the  line  upon  the  barrel.  But 
the  watch  part  does  not  correspond  to  this;  for  suppose  you  have  a 
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8 foot  pendulum,  to  which  you  seem  inclined,  then  your  great  wheel 
goes  round  in  4 hours,  or  6 times  in  a day,  or  48  in  eight  days;  but 
with  a 1 3 feet  pendulum,  the  great  wheel  goes  once  round  in  8 hours, 
or  24  turns  in  8 days,  which  corresponds  well  enough.  I am  clear 
for  a 13  feet  pendulum.  As  to  the  escapement,  the  point  lies  be- 
tween the  common  escapement  that  I sent  (where  the  wheels  have 
double  force;  and  the  clock  will  go  with  almost  half  the  weight  ne- 
cessary in  the  common  escapement.)  This  depends  upon  the  care  in 
keeping  the  clock,  and  its  being  exposed  to  weather.  If  neglected 
and  suffered  to  go  dry,  if  the  wind,  rain,  and  snow  are  let  in  upon 
the  work,  you  must  have  as  much  weight  as  may  be,  but  if  not,  the 
latter  escapement  will  lessen  the  friction  and  load  on  the  wheels;  yet 
1 doubt  if  it  will  give  vibration  enough.  I perceive  your  dial-work 
goes  off  from  the  second  wheel,  whose  period  is  90  minutes.  Your 
contrate  wheels  must  be  one  larger  than  the  other;  yet  make  the  webb 
where  they  tooth  in  form  of  figure  1.  I suppose  you  will  have  a 
sliding  plate,  with  one  or  two  setting  screws  upon  the  second  wheel,  to 
set  the  hands  occasionally.  Take  care  that  this  plate  may  be  easily 
released,  and  fixed  firm,  perhaps  it  turns  some  other  wheel  in  an  hour, 
or  which  is  preferable,  two  hours  and  two  turns,  and  the  sliding  is  on 
this  other  wheel;  for  I cannot  see  how  a wheel  turning  in  hour 
can  carry  the  pins  that  discharge  the  striking  part.  With  regard  to 
the  hammer,  I scarce  know  what  to  say,  nor  indeed  have  I sufficient- 
ly considered  whether  the  duty  upon  the  striking  pins  is  such  as  will 
require  so  great  a weight  as  170  lb.  But  you  must  not  overload  the 
clock.  If  your  bell  be  a free  bell,  and  willing  to  speak,  a little  mat- 
ter will  fetch  the  full  tone  out  of  it.  If  stiff  and  hide  bound,  do  what 
you  will,  the  tone  will  soon  decay,  and  a wooden  bell  be  as  good. 


- - The  best  bell,  the  best  peal  of  bells  in  the  world,  are  in  this 

very  town,  and  yet  they  never  regarded  them.  They  undertook  (what 
is  impossible)  to  cast  two  bells,  one  of  which  should  be  an  8ve  and  4th, 
the  other  an  8ve  and  5th,  or  12th,  to  the  tenor  at  St.  Mary’s,  Cam- 
bridge, which  is  D in  the  modern  opera  pitch.  They  did  send  two 
things  they  called  bells;  but  neither  ringers,  singers,  nor  the  professor 
of  music  at  Cambridge,  have  been  able  to  determine  what  note  they 
speak;  the  general  sentiment  is,  that  they  speak  no  note  at  all.  I 
think  it  a pity  to  be  at  great  expense  and  deface  the  cupola  only  for  a 
temporary  station  for  the  clock.  Surely  for  a while  they  might  afford 
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shoe-leather  for  a man  to  go  and  wind  it  up  twice  a-week.  Excuse 
my  writing  in  this  rambling  and  desultory  manner.  To  keep  method 
and  order,  I must  make  half  a dozen  of  copies.  I find  one  enough  ; 
it  will  serve  to  suggest  and  bring  all  things  to  your  mind,  so  that 
nothing  may  hill  out,  but  what  you  have  considered,  and  that  is  all  I 
pretended  to  do. — I am  yours. 

William  Ludlam. 


The  Rev.  William  Ludlam  to  Mr.  J.  Holmes. 

Dear  Sir,  11  tk  September , 1779. 

When  I wrote  to  you  about  a fortnight  ago,  I was  just  going  a 
journey.  Two  things  have  occurred  since,  which  I send  you  post- 
paid, to  balance  your  franks.  I am  always  entertained  and  obliged 
to  you  for  accounts  of  mechanical  undertakings  ; pray  regard  not  the 
postage,  nor,  if  it  gives  you  trouble,  seek  for  franks.  I think  your 
great  clock  should  be  kept  going  while  winding  it  up ; not  merely  to 
prevent  loss  of  time,  but  to  prevent  the  swing  wheel  from  going  back- 
wards, through  the  friction  of  the  barrel ; and  the  consequent  dan- 
ger of  the  pallets  pitching  upon  the  points  of  the  teeth.  The  com- 
mon way,  with  a driver  and  shutter  before  the  square,  may  do  very 
well.  The  other  two  ways,  one  by  a spring,  the  other  by  a pinion, 
&c.  between  the  barrel  and  great  wheel,  you  know  very  well.  In- 
stead of  steel,  you  might  have  agate  pallets ; they  may  be  set  in,  or 
screwed  in  a brass  frame,  many  ways.  Harrison,  you  know,  used 
diamond  pallets.  Mudge,  in  an  eight  day  clock,  applied  pallets 
made  of  flint ; but  agate  is  harder,  is  not  a stone  of  great  value,  and 
is  not  so  hard  but  it  may  be  easily  wrought  into  a proper  form,  and 
highly  polished. — Yours,  &c. 

William  Ludlam. 


Mr.  J.  Holmes  to  the  Rev.  W*illiam  Ludlam. 

Dear  Sir,  London , 17 tli  August , 1779. 

I really  can't  find  words  sufficient  to  express  my  grateful  thanks 
to  you  for  your  very  kind  letter  of  the  1st  of  last  month;  you  have 
therein  communicated  to  me  so  many  useful  and  ingenious  things, 
that  if  I do  not  avail  myself  sufficiently  of  them  in  the  Greenwich 
Hospital  clock,  it  will  be  my  own  fault.  I beg  you  will  accept  of 
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my  most  sincere  thanks  for  this  very  great  and  obliging  favour,  which 
I should  not  have  been  so  long  of  transmitting  to  you,  but  that  seve- 
ral things  intervened,  which  I hope  will  plead  my  excuse.  Mr. 
Smeaton  had  wrote  me  word,  after  I had  wrote  to  you.  He  had 
thought  very  much  on  the  subject.  I was  willing,  therefore,  of 
receiving  his  ideas  before  I made  up  my  own  mind,  which  he  obliging- 
ly gave  me  in  a full  sheet.  It  turned  out  also  that  his  business  was 
likely  to  bring  him  to  town,  which  it  did,  and  he  went  with  me  to 
see  the  place,  and  only  left  us  last  week.  I have  the  pleasure  to 
inform  you,  that  in  almost  all  the  great  points,  your  ideas  and  his 
agreed.  He  read  your  letter  with  great  pleasure,  and  found  several 
ingenious  things  entirely  new  to  him  ; he  begged  his  best  compli- 
ments to  you  and  family.  Having  taken  up  so  much  of  your  time 
with  this  preamble,  I shall  now  beg  leave  to  mention  some  part  of 
your  letter,  as  also  Mr.  S’s.  and  what  passed  in  conversation,  and  to 
beg  your  farther  assistance  in  some  matters  yet  unsettled.  The  clock 
movement  is  in  great  forwardness,  and  I will  annex  to  this  the  num- 
bers and  sizes  of  the  wheels.  I think  you  will  smile  when  you  find  I 
have  got  4 wheels  into  the  train  of  the  watch  part;  but  this  arose 
from  necessity;  the  clock  stands  very  much  above  the  dials,  which 
are  opposite  to  each  other;  so  that  if  the  rods  to  the  dial-work  had 
been  carried  by  a wheel,  to  go  round  in  an  hour,  the  contrate  wheels 
must  have  been  very  small;  I have  therefore  chosen  that  wheel  to  go 
round  in  an  hour  and  a half.  I have  adopted  the  double  frame,  after 
Mr.  Hindley’s,  most  of  which  is  cast-iron,  as  also  his  pinions  with 
the  leaves  let  in ; and,  as  far  as  I could  prevail,  (for  I must  work  with 
other  persons’  tools,)  I shall  have  all  the  wheels  and  bearing  parts 
considerably  larger  than  common.  Here  Mr.  S.  carries  the  matter  so 
far  as  to  wish  the  swing- wheel  one  inch  thick;  the  inconveniency  arising 
from  the  change  of  tenacity  of  oil,  he  thinks  of  little  consequence, 
compared  with  the  danger  of  the  parts  biting  one  another;  of  this  he 
is  so  much  afraid  in  his  practice,  that  in  a new  mill-wheel  we  have  put 
in  at  Deptford  water-works,  our  gudgeons  are  above  8 inches,  and  those 
of  our  old  wheel  only  2i  inches;  the  large  one  wears  perfectly  smooth, 
and  keeps  its  oily  matter;  whereas  the  small  one,  having  so  few  bear- 
ing parts,  presses  out  the  oily  matter,  and  is  constantly  getting  dry, 
and  wearing  into  rings.  I shall  take  care,  however,  to  keep  my 
wheels  as  light  as  I can,  by  arming  the  crosses  diagonally  from  the 
teeth  to  the  bottom,  so  that  they  may  have  sufficient  strength  to 
support  them.  I now  bexr  leave  to  come  to  your  letter,  and  I hope 
you  will  excuse  me,  when  I take  the  freedom  of  differing  from  you, 
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and  which,  unluckily,  will  be  in  the  first  part  of  it,  where  you  pro- 
pose the  hands  to  be  balanced  within;  now,  in  this  case,  the  minute 
hand  is  very  liable  to  get  loose  on  its  square,  as  it  will  always  be 
dragging,  and  it  will  be  necessary  to  give  it  a large  square  to  pre- 
vent it.  It  will  also,  when  pressed  by  the  wind,  have  nothing  on 
the  opposite  side  to  take  off  that  force,  whereas  a balance  on  the 
outside  will  in  part  prevent  it.  St  Paul's  clock  used  to  have  no 
outwrard  balance  to  the  hand,  so  that  when  the  hand  got  a little  past 
12,  it  would  fall  a minute  or  two  at  a time  ; it  has  been  lately 
altered,  and  there  is  now  to  the  minute  hand,  on  the  opposite  end,  a 
round  ball,  at  about  one-third  of  the  length  of  the  minute  hand.  Mr 
S.  proposes  that  the  balance  to  the  minute  hand  should  be  made  as 
thick  as  it  conveniently  can,  so  that  it  may  present  to  the  wind, 
when  it  blows  parallel  to  the  dial,  near  as  much  surface  as  the  hand 
itself.  He  also  proposes  that  the  arbor  of  it  should  be  fitted  into  a 
well-bored  socket,  and  touch  all  the  length,  and  that  this  socket 
should  have  holes  in  it,  at  convenient  distances,  to  put  in  the  oil.  If 
you  wish  to  read  his  letter,  I will  send  you  a copy  of  it ; but  part  of 
this  proposal  was  in  conversation.  Mr  S’s.  ideas  are  the  same  as 
yours,  for  the  pendulum  ball  to  be  a sphere,  and  the  escapement  a 
retreat ; but  he  thinks  a short  pendulum  might  be  made  to  go 
well,  by  giving  it  an  equal  dominion  over  the  main  force  ; the  prin- 
cipal part  he  differs  in,  is  its  vibration  ; if  I calculated  right,  the 
escapement  you  have  favoured  me  with,  which  escapes  at  1^,  will 
only  move  a 13  feet  pendulum  ball  from  escapement  to  escapement 
7.8  inches,  whereas  he  seems  to  wish  it  to  go  to  the  extent  of  20 
inches,  and  room  for  20  inches  more  of  vibrations,  and  thinks  the 
cycloidal  difference  will  be  small,  compared  with  the  advantage  aris- 
ing from  the  great  dominion  such  a pendulum  would  have  ; for  my 
own  part,  I am  wishful  of  being  in  the  mean,  and  think  the  common 
escapement  may  perhaps  be  best ; but  of  this,  I am  very  desirous  of 
your  further  opinion.  He  likes  very  much  Mr  Eayre’s  frame  for  the 
rod,  but  thinks  a cylindrical  rod  of  about  2 inches  diameter  would  be 
more  likely  to  keep  straight  than  any  framed  one.  The  full  explana- 
tion you  have  favoured  me  with,  of  the  necessity  of  the  pendulum  hav- 
ing a great  dominion  over  the  main  force,  was  so  strongly  impressed 
upon  me,  by  your  very  sensible  though  short  publication,  after  Mr 
Harrison’s  communication,  that  I have  made  every  use  of  it  my  prac- 
tice would  allow,  and  I now  thank  you  for  being  more  particular  on 
that  subject.  Your  observations  on  the  lines  drawing  on  that  side  next 
the  pinion,  though  so  ingenious  and  obvious  when  told,  were  entirely 
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new  to  both  Mr  S.  and  myself ; but  I shall  tire  you  with  repeating 
your  observations  ; will  therefore  again  thank  you  for  them,  and  pro- 
ceed to  those  I wish  more  particularly  explained.  Your  reasons  for 
the  bell  being  struck  by  a heavy  hammer  resting  on  its  joint,  are  so 
conclusive,  that  I only  wish  I could  adopt  that  matter  to  your  parti- 
cular ideas  of  this  case;  our  bell  is  nearly  12  cwt.  3 qrs.  and  our 
utmost  fall  for  single  line  55  feet.  I have,  therefore,  by  sketch  and 
calculation,  endeavoured  to  come  at  how  this  matter  will  stand  to  the 
abilities  of  the  clock.  Suppose  a hammer  30  lb.  and  that  the  centre 
of  gravity  of  it  is  placed  one  foot  from  its  joint,  on  an  arm  elevated 
45°,  that  this  hammer  is  drawn  5.7  inches,  rising  3 inches  perpendi- 
cular, it  will  require  a weight  of  170  lb.  to  be  a balance  to  it,  or  the 
same  hammer  elevated  50°  to  be  drawn  3.84  inches,  rising  2 inches 
perpendicular,  a weight  113  lb.:  now,  as  the  weight  must  be  consider- 
ably larger  to  put  all  in  motion,  I am  much  afraid  the  first  of  these 
will  be  too  much  for  the  clock : how  far  the  second  will  fetch  the  full 
tone  out  of  the  bell,  I am  no  judge,  and  will  therefore  be  particularly 
obliged  by  your  opinion,  not  on  my  sketch,  but  on  any  you  think  will 
be  best.  Mr  Thwaites  says,  he  thinks  a hammer  of  18  lb.  lifted  4 
’nches,  will  do,  and  the  weight  1 cwt.  1 qr.;  but  I have  had  no  oppor- 
tunity of  seeing  him  since  I had  his  letter,  and  do  not  know  whether 
he  means  4 inches  perpendicular,  but  believe  he  means  drawn  4 
inches.  Having  mentioned  the  fall  55  feet,  I will  beg  leave  to  give 
you  the  particulars  and  my  ideas  of  the  matter.  The  clock  is  intended 
to  be  put  up  in  the  new  cupola,  and  a convenient  place  to  be  built  for 
it ; but  till  that  is  done,  it  is  to  be  placed  in  the  present  cupola,  near 
over  the  painted  hall  : here  it  will  stand  between  the  inner  and  out- 
ward dome ; the  lines  must  come  through  the  painted  roof  of  the 
inner  cupola,  and  proceed  down  the  side  of  a cylindrical  part  under, 
and  so  be  carried  into  the  corner,  where  there  is  a very  convenient 
place  for  the  weights  to  fall;  but  we  canT  get  the  55  feet  without  cut- 
ting through  about  3 feet  of  (I  believe)  stone  work,  for  the  weights 
to  pass  through,  but  I think  can  get  about  46  feet  without  it.  I 
should  never  have  ventured  to  have  proposed  this  place,  fearing 
these  lines  would  be  too  much  an  eye-sore  in  this  building ; my  ori- 
ginal intention  was  to  have  proposed  the  weights  to  have  been  within 
the  two  cupolas,  where  we  can  get  near  18  feet,  and  I should  then 
have  proposed  the  clock  being  wound  while  in  this  place  twice  a-week; 
but  I found  this  idea  would  not  please,  and  this  place  was  mentioned 
to  me.  I have  since  consulted  Mr  S.  and  being  wishful  of  avoiding 
this  deformity,  proposed  still  to  keep  the  weights  between  the  cu- 
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polas,  and  to  put  the  axis  in  peritrochio  to  each;  if  so,  Mr  S. 
proposed  to  lay  under  the  weight  a large  flat  stone,  well  bedded  in 
some  springy  matter,  to  catch  the  weight,  if  it  falls;  and  I should 
also  add  Dr  Hooke’s  rope  and  arm  to  the  weight;  but  I believe  the 
great  weight  this  will  require  will  frighten  me,  for  people  are  fre- 
quently under  it,  and  the  inner  roof  is  but  slight  ; therefore  think  I 
shall  content  myself  with  such  part  of  the  46  feet  as  will  be  neces- 
sary, and  put  a double  line  to  it  at  first.  There  is  only  one  part  I 
will  farther  trouble  you  about.  Mr  S.  nor  myself  can’t  remember 
what  was  Mr  Hindley’s  double  locking  you  mention;  your  descrip- 
tion of  it  would  therefore  be  very  serviceable  to  me.  I must  now  beg 
pardon  for  this  long  letter.  I shall  esteem  any  observations  you 
please  to  make,  a singular  favour,  and  shall  be  particularly  obliged 
to  you  for  your  further  instructions  on  the  three  following  heads, — 
the  escapement  and  pendulum,  the  hammer,  and  double  locking. — I 
am,  Sir,  with  the  greatest  deference  and  respect,  &c. 

J.  Holmes. 


From  Mr.  John  Holmes  to  the  Rev.  W.  Ludlam. 

Dear  Sir,  London , 1 5th  September , 1779. 

I received  your  favours  of  the  28th  of  last  month  and  11th  of  this, 
and  for  which  I return  you  my  most  sincere  thanks.  I am  very  sorry 
you  should  think  of  paying  the  postage  of  your  last  letters;  this 
affair  is  wholly  mine.  Your  reading  my  letters  is  doing  me  a great 
favour,  and  every  line  you  write  a singular  service;  your  letters  are 
so  full,  your  drawings  and  descriptions  so  clear,  that  I have  now  lit- 
tle to  trouble  you  with;  but  first,  I will  endeavour  to  set  some  mat- 
ters clear,  that  I have  been  short  or  mistaken  in  my  last  letter.  My 
intention,  from  the  first,  was  to  have  a 13  feet  pendulum;  I had 
never  any  intention  of  a shorter;  and,  in  consequence  of  this  the  clock 
is  raised  about  16  or  18  feet  above  the  dials;  the  two  rods  therefore 
coming  down  from  the  clock  to  the  two  dials,  make  an  angle  of 
near  80  degrees  to  one  another,  and  these  two  rods  have  each 
a contrate  wheel  with  teeth  standing  in  the  manner  you  de- 
scribe, both  which  are  turned  by  a contrate  wheel  in  the  clock;  we 
found  it  necessary  to  enlarge  the  contrate  wheel  in  the  clock,  other- 
wise these  two  wheels  would  have  been  very  small;  this,  therefore, 
was  the  reason  why  the  contrate  wheel  in  the  clock  goes  round  in  an 
hour  and  a half ; but  these  two  wheels  being  fds  of  the  size  of  the 
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contrate  wheel  in  the  clock,  will  now  run  free  of  one  another,  be  a 
good  size,  and  go  round  in  an  hour  each,  and,  as  these  rods  are  long, 
I propose  a Hooke’s  joint  to  each:  at  the  bottom  of  each  of  these 
rods  will  be  another  contrate  wheel,  toothed  to  the  proper  angle,  and 
which  will  turn  others  to  carry  the  hands.  Had  I been  acquainted 
with  the  whole  you  favoured  me  with  in  your  letter  of  the  28th 
last,  I would  undoubtedly  have  endeavoured  to  make  the  second 
wheel  in  the  clock,  on  which  the  contrate  wheel  is,  go  round  in  two 
hours  instead  of  an  hour  and  a half.  It  would  have  saved  us  a wheel, 
which  must  be  to  set  the  hands  by  and  unlock  the  clock;  this  wheel 
I intend  to  go  round  in  two  hours,  and  lift  the  lifting  piece  in  the 
judicious  manner  you  describe,  bearing  its  load  the  whole  hour ; as 
this  wheel  is  out  of  the  train,  it  will  be  a small  burthen  to  the  clock. 
The  pallet  frame  you  describe  has  been  long  used  by  Thwaites,  I 
believe,  ever  since  he  made  a clock,  under  Harrison’s  direction,  for 
the  Foundling  Hospital.  I had  some  thoughts  of  agate  pallets,  but 
found  they  would  be  an  extra  charge  of  three  guineas,  and,  as  I 
undertook  to  make  this  clock  for  <£120,  a moderate  price  for  a good 
one  in  the  common  way,  I think  it  needless  to  lay  out  a fourth  or 
fifth  part  of  my  profit  in  them,  and  especially,  as  I propose  to  give 
more  vibration  to  the  pendulum  than  common,  I am  desirous  of  try- 
ing steel  pallets  first,  and  can  add  agate  ones  afterwards.  The  un- 
locking you  have  favoured  me  with  is  so  very  safe,  that  I propose  to 
use  it,  also  the  manner  of  drawing  the  hammer,  which  is  greatly  eased 
of  the  friction  in  the  common  way;  this  I find  is  in  a clock  made  by 
Thwaites,  under  directions  of  the  late  Mr  Ellicott,  for  the  London 
Hospital.  Nothing  perplexes  me  so  much  as  the  bell ; 


The  case  at  present  stands  thus;  he  has  got  a bell  by 
him,  weight  12  cwt.  2 qrs.  21  lb.,  2-f-  inches  in  the  sound  bore,  and 
I think  about  3 feet  and  a half  diameter,  which  he  says  is  a very 
good  bell.  Mr  Green  who  succeeds  the  late  Mr  Romily,  the  small 
bell-founder,  was  so  obliging  as  to  go  with  me  to  hear  it ; he  says  it 
is  a very  good  toned  bell;  he  has  also  another  bell  of  a larger  size, 
and  1 cwt.  2 qr.  0 lb.  heavier ; on  striking  this  bell,  I found  a lesser 
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blow  would  bring  the  sound  better  out,  than  out  of  the  other,  and  I was 
informed  it  was  because  the  bell  was  more  spread;  this  struck  me,  and 
on  conversing  with  some  of  my  friends,  I am  fully  convinced  that  a bell, 
as  commonly  made  for  a peal,  is  not  the  fittest  for  a clock  to  strike  on, 
and  is  what  you  call  a tight  bound  bell.  My  ideas,  therefore  are,  that 
if  we  have  a bell  of  this  weight,  it  must  be  larger,  or  if  of  this  size 
lighter,  the  bell  being  then  thinner,  will  be  easier  put  into  vibration 
by  the  power  of  the  clock;  the  difficulty  with  me  is  what  directions  to 
give.  It  is  a matter  we  can’t  easily  make  experiments  on,  so  far  as  I 
can  judge ; if  the  same  sized  bell  had  2 cwt.  or  3 cwt.  less  metal  in 
it,  the  blow  the  clock  will  strike  would  be  much  better  spread. 
Also,  that  the  same  effect  would  be,  if  the  bell  was  to  be  enlarged  in 
that  proportion,  and  have  the  same  weight  as  this  has.  I will  be 
extremely  obliged  to  you  for  your  opinion  on  this  matter,  before  I 
speak  again  to  the  founder.  I am  well  aware,  if  a bell  is  made  in 
the  manner  I propose,  it  would  pitch  much  farther ; but  I see  no 
objection  to  this;  all  that  we  want  is,  to  have  a bell  that  will  be  best 
heard  with  the  blow  we  can  give.  The  way  I calculated  in  my  last 
letter,  the  weight  of  the  clock,  was  by  multiplying  the  weight  of  the 
hammer,  by  its  perpendicular  rise,  and  that  by  the  number  of  blows 
in  8 days,  the  product  of  this  multiplication,  I divided  by  the  fall 
which  gives  the  weight  that  will  be  a balance  to  the  hammer.  Two 
things  I have  been  informed  of,  the  first  of  which  I think  will  be  of 
use,  and  the  last,  if  not,  can  do  no  harm,  viz.  that  by  hammering, 
hardening,  and  smoothing  the  face  of  the  hammer,  and  filing  the  part 
of  the  bell  where  it  is  struck  on,  we  shall  bring  out  a better  tone  at 
first  than  otherwise  we  should,  if  we  left  these  in  the  rough.  As  I 
am  informed,  the  oftener  a bell  is  struck,  the  better  it  is  heard,  owing 
to  the  touching  parts  getting  smoother  and  harder.  The  other,  that 
if  the  hammer  head  is  navious  and  thin,  and  very  long,  it  will  strike 
a better  blow  than  if  spread  in  breadth  or  thickness;  how  far  this 
may  be  the  case  I can’t  guess.  One  would  think  the  same  matter, 
with  the  same  fall,  would  produce  the  same  effect,  there  may  be  some- 
thing in  the  matter  lying  behind  the  touching  part,  and  pressing 
more  directly  upon  it.  Several  trades,  as  caulkers,  pewterers,  &c.  use 
very  long  hammer  heads,  perhaps  for  this  reason.  I shall  now  con- 
clude with  my  sincerest  thanks  for  your  very  great  and  kind  assist- 
ance in  this  matter;  you  have  not  only  done  me  the  most  essential 
service,  but  given  me  the  most  heartfelt  pleasure,  in  thinking  I have 
in  some  shape,  some  merit,  or  you  would  not  have  taken  so  much 
pains  to  serve  me.  If  your  time  will  admit  you  to  give  me  your  opi- 
nion about  the  bell  soon,  pray  do. — I am,  &c.  J.  Holmes. 
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The  Rev.  W.  Ludlam , to  Mr  John  Holmes. 

Dear  Sir,  Sept.  24,  1779. 

I am  sorry  that  it  is  not  in  my  power  to  give  you  the  information 
I wish  relating  to  bell-founding.  I saw  a great  deal  of  it  in  the  time 
of  the  late  Mr  Thomas  Eayre,  of  Kettering,  a man  who  had  a true 
taste  for  it,  and  spared  no  expense  to  make  improvements;  much  of 
the  tone  depends  on  minute  circumstances  in  the  shape;  and  Mr 
Eayre  had  crooks  or  forms  cut  on  thin  boards,  carefully  taken  from 
the  inside  and  outside  of  all  the  good  bells  he  could  find.  This  county 
and  Northampton  abound  with  the  best  bells  I ever  heard,  cast 
by  Hugh  Watts,  of  Leicester,  between  1630  and  1640.  Ringers  in 
general,  who  are  commonly  constituted  the  judges  of  bells,  (and  as 
such  are  fee’d  by  the  bell-founder)  regard  neither  tune  nor  tone.  The 
hanging  of  the  bell  is  all  they  regard,  that  they  may  show  their  dex- 
terity in  change -ringing.  That  shape  of  a bell  that  is  best  for  tone,  (a 
long  one)  is  not  the  best  for  hanging  or  ringing;  so  tone  is  utterly  dis- 
regarded,— to  please  the  ringers  and  get  money  is  all.  In  my  opinion, 
the  thinner  the  bell  and  deeper  the  tone  the  better,  provided  it  is  not 
what  they  call  shelly,  that  is,  like  a thin  shell,  such  a tone  as  the  frag- 
ments of  a broken  Florence  flask  will  give.  A deep  tone  always  sug- 
gests the  idea  of  a great  bell,  is  more  grave,  and  better  suited  to  the 
slow-  strokes  of  a church  clock,  and  is  heard  farther.  The  clock  at 
St.  Clement  Danes,  in  your  neighbourhood,  strikes  the  hour  twice, 
once  on  the  great  bell  in  peal,  and  again  on  its  octave  or  12th,  I 
know  not  which;  listen  to  them  and  you  will  perceive  which  is  most 
agreeable  and  best  heard.  The  son  of  Mr  Thomas  Eayre,  who  was 
a good  bell-founder,  cast  a dish  bell,  of  five  or  six  hundred  weight, 
for  the  church  clock  at  Boston,  in  Lincolnshire.  Mr  Thomas  Eayre, 
very  early  in  life,  made  a curious  chime  for  Sir  T.  Wentworth,  after- 
wards Lord  Malton,  and  father  of  the  Marquis  of  Rockingham,  which 
had  13  dish  bells,  the  biggest  about  two  hundred  weight.  This  is  at 
Harrowden,  near  Kettering. 


I cannot  help  thinking  a bell  of  5 or  6 hundred  weight,  of  the  dish 
form,  might  be  cast  far  fitter  for  your  purpose  than  one  of  the  church 
form.  But  who  shall  do  it?  Who  has  had  any  experience  of  bells 
of  this  form?  It  must  also  be  observed,  that  small  differences  in  the 
form,  in  the  shape  or  thickness  of  the  sound-bole  of  a church  bell, 
will  make  great  difference  in  the  tone.  All  I can  say  is,  it  is  not  the 
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weight  of  metal,  but  somewhat  resulting  from  the  shape  of  the  bell, 
that  gives  both  freedom  and  depth  of  tone,  as  I can  prove  by  many 
instances.  What  that  shape  is  that  makes  a bell  so  willing  to  speak, 
is  a question  which  a good  bell-founder  ought  to  be  able  to  answer. 
It  is  a known  and  undoubted  fact,  that  a bell  speaks  much  better 
when  both  the  clapper  and  the  bell  is  hammer-hardened,  and  when 
they  are  worked  in  to  touch  each  other  in  many  points.  I had  men- 
tioned this,  but  I supposed  you  would  make  the  hammer-head  of  cast 
iron.  I think  also  the  shape  of  the  hammer  you  mention  is  of  some 
advantage.  Mr  Thomas  Eayre  used  to  make  his  chime  hammers  of 
the  shape  you  mention.  If  you  make  the  clock  to  unlock  by  a nag's- 
head-joint,  &c.  in  Mr  Hindley's  way,  then  observe , that  if  the  clock 
be  turned  backwards,  (that  is,  if  the  lifting  pins  be  turned  backwards) 
after  the  nag’s-head  is  got  under  the  hook  of  the  detent,  (which  I 
call  warning)  you  will  then  not  only  draw  back  the  hook  of  the 
detent,  but  may  keep  it  drawn  back , and  so  the  clock  continue  to 
strike  till  it  is  down.  Indeed,  to  play  this  perverse  trick,  you  must 
set  the  clock  back,  at  the  very  nick  of  time  just  after  warning , and 
you  must  set  the  clock  back  only  a very  little.  A blot  is  no  blot  till 
it  is  hit,  and  yet  I have  known  the  verriest  fool  of  a parish  clerk, 
without  the  least  design,  stumble  on  such  a nicety  as  this,  and  put  all 
into  confusion.  I must  now  beg  the  favour  of  Mr  Kendall  to  resolve 
me  a few  questions.  What  number  of  watches  he  had  made  by  order 
of  the  Board  of  Longitude,  &c.?  The  first  I know  was  an  exact  copy 
of  Harrison’s,  or  as  Mr  Short  phrased  it,  parts  like  parts , &c.  After 
I sealed  this,  I recollected  that  above  40  years  ago,  Thomas  Eayre 
made  a large  turret  clock,  with  quarters,  for  Lady  E.  Germain,  (now 
Lord  G.  Germain's)  at  Drayton,  near  Thropton,  Northamptonshire, 
all  the  bells  of  which  are  dish  bells , of  a larger  size.  I know  not  their 
weight,  I suppose  the  biggest  four  hundred  weight ; they  are  heard  a 
great  way.  I am,  &c. 

W.  Ludlam. 

From  the  Rev.  William  Ludlam  to  Mr  John  Holmes. 

• Dear  Sir,  January  10th,  1780. 

Many  things  have  occurred  to  me,  since  I wrote  about  the  proper 
form  of  a sounding  body,  to  be  struck  by  the  clock  hammer  instead 
of  a bell  in  the  common  form,  of  those  made  to  be  rung,  and,  of 
course,  struck  with  a clapper.  I am  persuaded  a shape  might  be 
contrived,  that  would  give  a strong,  deep,  clear,  and  lasting  note,  a 
note  as  perfectly  uniform  and  musical,  as  the  deep  pipe  of  an  organ, 


450 


APPENDIX,  (A.)  AND  (B.) 

(not  wild),  and  that  with  so  light  a load  on  the  clock  wheels,  as  by  no 
means  to  require  very  strong,  or  very  large  work,  nor  a heavy  weight. 
(For  this,  I suppose  the  hammer  to  have  much  matter  in  it,  yet 
I suppose  the  weight  of  that  matter  to  rest  very  much  on  the  arbor 
or  axis  of  the  hammer.)  All  this  I am  confident  may  be  ; but  who 
will  be  at  the  expense  of  making  trials,  to  explore  this  unknown 
region  in  the  land  of  bell-founding?  who  will  pay  for  journeys  to  visit 
that  great  dish,  eight  hundred  weight,  very  deep,  but  wild  bell,  1 
mentioned  at  Boston,  or  those  lesser  ones  (of  200  lb.)  at  Lord  Rock- 
ingham’s near  Kettering  ? Now,  as  this  cannot  be,  I mean  to  fill  up 
my  paper  with  an  account  of  some  curiosities  in  that  way,  which  I 
have  actually  seen.  There  is  an  instrument  brought  from  the  East 
Indies,  I think,  from  China,  called  a gon  or  gong,  made  of  hammered 
brass,  about  sixteen  inches  over.  The  drawing  is  a section  of  it. 
See  Plate  XVIII.  Fig.  T.  What  I call  the  sides,  A A,  are  about  4 
inches  deep,  and  seem  to  supply  the  office  of  the  sides  of  a drum, 
while  the  flat  part,  B B,  answers  to  the  stretched  parchment,  only 
there  is  a raised  part  in  the  middle,  to  stiffen  it ; on  this  raised  part 
you  beat,  with  a ball  of  pack-thread  of  4 or  5 inches  diameter,  fastened 
to  the  end  of  a stick.  The  brass  at  a mean  is  about  J of  an  inch  thick, 
but  unequal.  The  whole  form  being  manifestly  raised  out  of  a flat 
plate  by  the  hammer.  The  tone  is  amazingly  deep,  clear,  and  sonorous. 
The  note  of  that  I saw,  and  had  sometime  in  my  possession,  was  F, 
an  octave  below  the  F-fa-let  cliff  in  the  bass:  where  that  is,  any  musi- 
cian can  tell.  Has  Captain  Maxwell  seen  any  such  thing  ? they  are 
often  to  be  found  in  India  shops.  N.  B.  The  gong  is  above  an  8ve 
below  the  deepest  church  bell  known.  Provide  now  a good  clear  clock 
bell  of  4 or  5 inches  diameter,  provide  a cylinder  of  thin  tin,  see  Fig.  S. 
about  2i  diameter,  and  7 or  8 inches  long,  with  a bottom  soldered  in 
it ; provide  a round  flat  cork  to  fit  it,  to  make  an  occasional  bottom. 
Having  put  the  cork  a little  way  in,  set  the  bell  Fig.  1.  M.  on  its  crown, 
mouth  upwards,  hold  the  cylinder  horizontally,  with  the  mouth  very 
near  the  edge  of  the  bell,  a very  little  above  it ; strike  the  bell,  if  you 
find  the  sound  not  altered,  push  in  the  false  bottom.  At  some  place 
where  the  cylinder  is  of  a proper  depth,  suitable  to  the  tone  of  the  bell, 
the  sound  will  be  increased.  Cut  the  cylinder  to  this  length,  and  it 
will  do  better  without  the  cork.  There  is  some  nicety  and  uncertainty 
in  finding  a cylinder  of  a proper  length  ; how  far  the  diameter  affects 
it  I know  not ; but  when  circumstances  are  right,  the  sound  is  most 
wonderfully  augmented:  insomuch,  that  when  the  sound  of  the 

naked  bell  can  no  longer  be  heard,  bring  the  cylinder  to  it,  and  you 
will  so  revive  and  magnify  the  dying  sound,  that  it  may  be  plainly 
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heard.  This  was  accidentally  discovered  by  T.  Eayre,  who  having 
a number  of  brass  shells  for  clock  weights,  and  a number  of  clock 
bells,  lying  on  his  board  together,  observed  this  effect  in  an  high 
degree,  from  the  accidential  position  of  one  of  them.  It  is  not  to  be 
doubted  but  that  the  ancients  used  brazen  vessels  in  some  such  way  to 
augment  the  voice  of  the  actors  in  their  theatres, which  were  so  mons- 
trous large,  the  actor  could  not  otherwise  be  heard.  Now,  my  idea  is 
to  have  a vast  great  gong,  and  I would  so  augment  the  sound  with  tin 
or  brazed  vessels,  that  it  should  shake  the  college  walls  from  end  to  end. 
At  the  same  time,  I would  have  the  sound  so  deep,  clear,  and  melo- 
dious, that  Lord  Sandwich  himself  should  acknowledge  its  place  in 
the  gamut,  or  scale  of  musical  sounds.  This  is  my  Utopian  idea.  I 
doubt  not  but  a flat  sheet  of  bell-metal  would  give  a great  sound. 
All  kind  of  metals,  marble,  &c.  in  this  shape  always  give  a great  and 
free  sound. 

Yours,  &c.  William  Ludlam. 


(B.) 

Dutertres  Clock  Escapement  referred  to  at  page  238. — Plate  IX.  48. 

A B is  the  wheel  of  arrete , or  repose;  0 D the  wheel  of  impulse; 
both  having  the  same  number  of  teeth,  but  differing  greatly  in  their 
diameters.  E is  the  pallet  seen  on  its  arbour,  in  which  is  a notch, 
to  allow  the  teeth  of  the  wheel  of  arrete  to  pass;  at  the  instant  of 
this  taking  place,  the  teeth  of  the  lesser  wheel  give  impulse  to  the 
pallet,  and,  having  escaped  it,  a tooth  of  the  larger  wheel  falls  on  the 
circular  part  of  the  pallet  arbor. 


(C.) 

Arnold's  Detached  Escapement , referred  to  page  245.  Plate  IX.  51. 

51.  is  a detached  escapement,  as  made  by  the  late  Mr  Arnold,  and 
by  his  son,  the  present  Mr  Arnold,  for  box-chronometers.  The 
escapement  or  balance-wheel  A,  having  twelve  teeth,  is  calculated  to 
have  a train  of  14,400,  and,  by  the  seconds  hand,  half  a second  will 
be  marked  at  every  step  by  it  on  the  seconds  circle  of  the  dial.  The 
acting  part  or  face  of  the  tooth,  is  partly  in  the  form  of  a cycloidal 
curve,  and  stands  above  the  plane  of  the  wheel,  as  represented  in  the 
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edge  view  given  of  it;  in  the  plan,  the  shaded  or  dark  part  of  the 
tooth  may  be  supposed  either  the  upper  end  or  top,  or  a section  of 
it ; the  other  two  sides  are  flat,  or  bounded  by  right  lines,  the  longest 
of  which  forms  an  angle  with  the  cycloidal  curve,  and  on  this  angle 
the  wheel  is  locked  by  the  spring  detent  0 D,  in  which  is  set  a small 
bit  of  fine  stone,  either  of  ruby  or  sapphire,  for  the  purpose  of  the 
wheel  being  locked  on  it.  This  bit  of  stone  may  be  supposed  to  be 
put  into  the  spring  detent,  so  as  to  stand  near  the  point  of  the 
adjusting  screw  5,  or  nearly  where  the  letter  a is.  It  is  by  the  screw  b 
that  the  detent  piece  can  be  made  to  have  more  or  less  hold  of  the 
angle  on  the  tooth.  The  end  of  the  detent  stone  piece  must  be  of  such 
a length  or  height  as  to  be  quite  free  from  the  inside  bottom  of  the 
wheel;  It  is  the  main  pallet  or  roller,  having  an  opening  or  notch  in 
it,  on  one  side  of  it,  the  right  hand  one,  being  what  is  called  the  face  of 
the  pallet,  in  which  is  set  a piece  of  precious  stone,  as  seen  at  c.  It  is 
on  it  that  the  curved  part  of  the  tooth  acts.  As  represented  in  the 
figure,  the  tooth  1.  has  carried  the  pallet  so  far  on,  by  a distance  equal 
to  that  between  tooth  2.  and  the  point  of  the  adjusting  screw.  Con- 
centric with  the  main  pallet  R,  is  a small  lifting  pallet  d , whose  use 
is  to  unlock  the  wheel,  by  pressing  on  the  side  end  of  the  lifting 
spring  D,  and,  carrying  it  so  far  inwards,  takes  the  detent  and  its 
spring  along  with  it;  the  detent  piece  of  stone,  by  this  means,  get- 
ting free  of  the  angle  of  the  tooth  at  a , the  wheel  gets  forward,  and 
the  tooth  1.  gives  impulse  to  the  main  pallet  R.  During  the  first 
part  of  the  impulse,  and  before  the  impelling  tooth  gets  so  far  on  as 
is  here  represented,  or  it  may  not  take  place  till  the  tooth  gets  a little 
farther  on,  the  end  of  the  lifting  spring  parts  with  the  lifting  pallet 
d , leaving  the  detent  and  its  spring  at  liberty;  the  detent  then,  by 
means  of  its  spring,  comes  quickly  to  its  place  at  a , and,  before  tooth 
1.  has  escaped,  is  ready  to  receive  tooth  3.  and  lock  it.  On  the 
balance  returning  from  the  vibration  given  by  this  impulse,  the  pallet 
e?,  meeting  with  the  end  of  the  delicate  lifting  spring,  carries  it  so  far 
outwards,  and  then  parts  with  it  to  complete  its  vibration  on  this  side. 
It  is  evident  that  the  point  of  the  adjusting  screw  opposes  the  detent 
being  carried  that  way,  although  the  lifting  spring  is  not,  and  yet  it  is 
at  the  same  time  connected  with  the  detent  spring,  but  extends  so  far 
beyond  the  end  of  the  detent  spring,  that  the  lifting  pallet  c?,  whether 
going  or  returning,  cannot  touch  it,  but  cannot  pass  either  way  with- 
out meeting  with  the  sides  at  the  end  of  the  lifting  spring,  and  working 
on  it.  The  detent  spring  is  screwed  to  one  of  the  frame  plates,  by  the 
paume,  or  sole,  near  to  which  it  is  made  very  thin  and  weak;  and  at 
this  place,  the  centre  of  motion  of  the  detent  piece  may  be  supposed 
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to  lie.  The  lifting  spring  is  pinned  by  one  end  to  the  side  of  the  detent 
spring,  which  may  be  called  the  outside  of  it.  It  is  easy  to  perceive 
that  the  unlocking  is  made,  by  carrying  the  detent  spring  inwards,  or 
towards  the  centre  of  the  wheel.  When  this  takes  place,  the  cycloidal 
part  of  the  tooth  falls  (not  on  the  point  but  a little  within  it),  on  the 
blunted  edge,  or  nearly  so,  of  the  face  of  the  pallet ; having  given 
impulse,  and  escaping,  the  wheel  is  again  locked,  and  so  on.  The 
wheel  is  unlocked  at  every  alternate  vibration  of  the  balance,  or  7200 
times  in  an  hour,  or  120  times  in  a minute  ; hence  half  seconds  are 
marked  on  the  dial  by  the  seconds  hand.  The  diameter  of  the  main 
pallet  R,  may  be  made  at  the  option  of  the  escapement  maker  in  any 
proportion  to  that  of  the  wheel,  but  it  must  always  stand,  when  the 
wheel  is  locked,  free  between  the  teeth ; and  the  impulse  given  by  the 
wheel  to  it,  will  be  so  much  the  more  direct  the  less  the  difference  of 
the  diameters.  And  in  this,  experience  is  the  best  test;  but  it  requires 
Ions:  and  reiterated  trials. 

O 


(D.) 

Earnshaw’s  Detached  Escapement , referred  to  p.  245,  Plate  IX.  52. 

52.  Shows  the  detached  escapement  made  by  Mr  Earnshaw  for  his 
box-chronometers.  The  balance  wheel  A B 0 D,  is  plain,  or  flat,  made 
of  steel,  and  sometimes  of  brass,  the  teeth  have  somewhat  of  the  ratchet 
form,  and  are  considerably  undercut  on  the  face,  the  number  of 
teeth  being  12,  and  calculated  so  as  to  give  half  seconds,  by  the  steps 
of  the  seconds  hand  on  the  seconds  circle,  in  the  same  way  as  has 
been  mentioned  in  Arnold’s.  The  steel  roller  or  main  pallet  M S K 
has  an  opening  in  it,  the  face  of  which  is  also  much  undercut,  having 
a piece  of  some  fine  stone,  such  as  hard  ruby  or  sapphire  set  into  it, 
as  seen  at  l h , for  the  purpose  of  making  the  points  of  the  teeth  work 
smoothly  on  it,  and  preventing  any  wearing  from  their  constant  action, 
A stud  G is  fixed  to  the  potence  plate,  and  to  this  stud  the  detent 
spring  F F is  screwed,  and  made  very  slender  and  weak  near  the  stud. 
It  is  by  the  yielding  at  this  place,  that  any  motion  can  be  given  to 
the  detent  on  which  the  wheel  is  locked ; and  here  is  its  centre  of 
motion.  The  tooth  D of  the  wheel  is  supposed  to  be  locked  on  a flat 
side  of  the  stone  detent,  which  is  fixed  in  a thick  part  of  the  detent 
spring,  by  means  of  which  it  presses  against  the  inside  of  the  head  of 
the  adjusting  screw m,  which  works  in  a fixed  stud  a P.  so  that 
when  it  is  screwed  into  this  stud,  the  detent  will  have  less  hold ’of  the 
tooth,  and  vice  vei’sa.  Y is  a delicate  spring  attached  to  the  inner 
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side  of  the  detent  spring,  and  which  is  called  the  lifting  spring.  The 
end  of  the  detent  spring  is  bent  a very  little,  so  that  the  free  end  of 
the  lifting  spring  may  bear  only  on  the  inward  bent  point  at  o.  Con- 
centric with  the  main  pallet,  is  the  small  lifting  pallet  which  is  flat 
on  the  face,  or  lifting  side,  and  tapered  or  rounded  off*  on  the  oppo- 
site side.  Its  position  in  the  figure  represents  it  coming  with  its  face 
against  the  lifting  spring,  which  it  would  carry  away  with  it;  but  this 
cannot  have  place,  without  taking  along  with  it  the  detent  spring, 
and  consequently  the  detent  is  carried  out  from  locking  a tooth  of 
the  wheel  at  D.  By  this  time  the  main  pallet  has  got  so  far  forward, 
as  to  be  in  the  way  of  receiving  impulse  from  the  tooth  B,  and  before 
it  can  escape,  the  lifting  pallet  parts  with  the  end  of  the  lifting 
spring,  and  leaves  the  detent,  and  detent  spring  immediately  to 
resume  their  place.  The  detent  will  then  be  ready  to  receive  the  tooth 
C,  by  which  the  wheel  is  again  locked.  The  balance  having  performed 
this  vibration,  by  the  impulse  given,  returns,  and  with  it  the  lift- 
ing pallet  n , the  tapered  side  of  which  will  press  the  lifting  spring 
inwards,  but  cannot  carry  the  detent  spring  with  it,  this  being  pre- 
vented by  the  inside  part  of  the  head  of  the  adjusting  screw  m ; after 
passing  the  lifting  spring,  it  goes  along  with  the  vibration  of  the  bal- 
ance, on  whose  return  the  face  of  it  will  again  meet  with  the  lifting 
spring ; unlocking  then  takes  place,  and  so  on.  The  unlocking 
here  is  performed  by  carrying  the  detent  outward  from  the  centre  of 
the  wheel,  which  is  locked  by  the  extreme  points  of  the  teeth.  Mr 
Earnshaw  gives  as  a rule  for  making  the  inclination  of  the  faces  of 
the  teeth,  and  main  pallet,  that  they  should  be  in  a line  drawn  from 
the  points  of  the  teeth,  as  a tangent  to  a circle  whose  diameter  is  half 
of  that  of  the  wheel;  and  the  same  rule  is  used  for  the  face  of  the 
pallet,  which  is  shown  by  the  dotted  lines  and  circle  in  the  figure. 
As  the  detent  stone-piece  on  which  the  tooth  D is  locked,  has  been  set 
into  that  side  of  the  detent  spring,  lying  undermost  in  the  figure,  it 
cannot  therefore  be  well  represented  here.  The  points  or  dots  at 
the  letters  k and  a , show  the  relative  positions  of  being  locked  and 
unlocked.  The  flat  part  of  the  stone  detent  goes  a very  little  way 
in,  as  at  #,  to  receive  the  point  of  the  tooth  A,  on  the  opposite  side 
of  the  wheel,  when  locking  is  supposed;  and  at  unlocking  the  dot  at 
a,  may  be  supposed  to  be  the  utmost  extent  of  the  detent,  when  car- 
ried out  by  the  detent,  and  lifting  springs  at  that  time.  The  detent 
spring  lies  above,  and  clear  of  the  wheel,  and  the  detent  stone  piece, 
may  be  either  a semi-cylinder  or  an  angular  piece.  A flat  side  is 
however,  in  either  way,  requisite  for  the  tooth  of  the  wheel  to  lock  on 
it,  and  the  height  or  length  of  this  stone  should  be  a little  below  the 
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under  side  of  the  wheel,  so  that  the  teeth  may  at  all  times  have  a sure 
hold  on  it.  Mr  Earnshaw  has  stated  that  he  makes  the  diameter  of 
his  roller  or  pallet  larger  than  that  of  Arnold’s,  which  will  no  doubt 
allow  the  teeth  of  the  wheel  to  give  a more  direct  impulse  to  it. 
The  diameter  of  the  roller,  however,  if  carried  too  far,  would  lessen 
the  hold  of  the  teeth  on  the  pallet.  Where  a wheel  of  12  teeth  is 
used,  it  will  give  scope  for  getting  in  a pallet  of  considerable  length. 
If  the  drawings  in  the  specifications  be  correct,  the  proportion 
between  the  diameter  of  the  balance  wheel  and  of  the  roller,  seems  to 
be  the  same,  or  nearly  the  same,  in  Arnold’s  and  Earnshaw’s  escape- 
ments. 


(E.) 


Owen  Robinsons  Detached  escapement , referred  to  page  247. 

Plate  IX.  53. 

53.  is  a view  of  Owen  Robinson’s  free,  or  detached  escapement, 
where  the  unlocking  should  be  easier  effected  than  it  is  done  either  in 
Arnold’s  or  Earnshaw’s.  AB  AB  is  a view  of  the  balance  wheel,  both 
in  plane,  and  edgeways,  being  somewhat  similar  to  the  wheel  in  the 
duplex  escapement;  that  is,  the  upright  teeth  are  those  which  give 
impulse  to  the  pallet,  while  the  long  teeth  in  the  plane  of  the  wheel 
are  those  which  lock  on  the  detent.  R is  the  roller  or  pallet,  the 
acting  face  of  which  may  be  supposed  to  have  a piece  of  fine  stone 
inserted  there,  as  in  the  two  former  escapements;  d , s,  the  detent  spring, 
screwed  to  the  potence  plate,  and  made  rather  weaker  at  a place 
between  s and  the  sole,  than  anywhere  else.  It  is  at  this  place  only 
where  it  will  readily  bend,  or  yield,  which  becomes  a centre  of 
motion  to  the  detent.  At  the  thick  part  d , the  stone  for  the  detent 
is  inserted;  the  white  part  at  d may  be  supposed  the  upper  end  of  it, 
and  a tooth  of  the  wheel  locked  on  the  flat  side,  next  the  centre  of 
the  roller ; 1 1 is  the  lifting  spring  attached  to  the  inside  of  the 
detent  spring.  A part  of  both  these  springs  lying  under  the  roller, 
cannot  properly  be  represented.  The  extreme,  or  free  end  of  the  lift- 
ing spring  goes  a little  beyond  that  of  the  detent  spring,  so  that  the 
lifting  pallet  can  never  pass,  without  touching  it,  but  while  passing,  it 
never  can  touch  the  end  of  the  detent  spring.  The  lifting  pallet  is 
not  easily  seen,  but  is  of  the  same  form  as  that  in  52,  where  the  adjust- 
ing screw  and  stud  is  the  same,  as  may  be  supposed  for  53,  though 
not  drawn  there.  The  face  of  the  lifting  pallet  is  just  on  the  eve  of 
touching  the  lifting  spring;  carrying  it  on  a little  way,  would  unlock 
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the  wheel,  and  the  pallet  face  being  brought  to  a part  where  its  edge 
as  seen  in  the  figure,  would  be  ready  to  receive  impulse  from  one  of 
the  upright  teeth.  The  action  of  this  escapement  is  quite  the  same 
as  that  of  the  others.  The  great  difference  of  radius  in  the  diame- 
ter of  the  wheel  of  impulse,  and  of  the  locking  wheel,  causes  this  to 
press  with  less  force  on  the  detent,  than  those  which  have  been  men- 
tioned; the  unlocking  is  outwards,  or  receding  from  the  extremities 
of  the  points  of  the  teeth,  and  when  locked,  the  roller  stands  free 
between  the  teeth  of  impulse. 


(F.) 


P.  Le  Roy's  Marine  Timekeeper , referred  to,  pages  238  and  256. 
Plate  XI.  61. 


61.  is  a perspective  view  of  the  balance,  the  compensation,  and 
other  parts  connected  with  it,  in  M.  P.  Le  Roy’s  marine  timekeeper, 
tried  by  order  of  the  king  of  France,  on  a voyage  on  board  the  Lively 
frigate  in  the  year  1768.  From  its  good  performance,  a prize  was 
awarded  to  him  by  the  Royal  Academy  of  Sciences.  The  balance, 
or  regulator,  V V Y V,  of  this  timekeeper  was  steel;  it  was  four 
inches  in  diameter,  weighed  five  ounces,  and  was  fixed  on  an  arbor 
A A,  about  five  inches  long.  A brass  frame  or  mounting,  x , x , x > 
x , x,  x , to  which  the  movement  is  fixed,  keeps  the  balance  horizon- 
tally suspended  by  the  upper  end  of  its  arbor,  by  means  of  F,  a very 
fine  harpsichord  wire,  to  which  it  is  attached;  the  length  of  the  wire 
is  three  inches  or  so,  forming  one  vertical  right  line  with  the  axis. 
The  movement  cannot  well  be  seen  here,  being  behind  the  upper 
part  of  the  brass  mounting;  the  dark  shade  is  part  of  the  dial.  The 
timekeeper  goes  38  hours,  and  has  no  equalising  for  the  main-spring, 
by  means  of  a fuzee;  the  balance-wheel  is  a star  of  six  radii,  or 
teeth,  and  extremely  light;  it  gives  impulse  to  a pallet  on  the  upper 
side  of  the  rim  of  the  balance  at  every  alternate  vibration;  and  the 
escapement  is  a free  or  detached  one.  In  order  that  the  balance  may 
turn  freely  on  its  axis,  each  of  its  pivots  is  retained,  writli  proper  play, 
between  four  rollers  turning  freely  in  two  small  frames  c c,  c c,  one 
for  the  lower  pivot,  fixed  to  the  under  part  of  the  brass  mounting ; 
the  upper  pivot  runs  in  the  uppermost  frames,  fixed  to  the  brass 
mounting;  also,  at  a little  distance  from  the  lower  end  of  the  harpsi- 
chord  or  suspending  wire.  The  whole  is  arranged  with  the  necessary 
precautions,  so  that  the  wire  and  the  axis  of  the  balance  may  form 
always  one  vertical  right  line.  The  balance,  thus  suspended,  would 


LE  ROY’S  MARINE  TIME-KEEPER. 


457 


make  vibrations,  each  of  which  would  take  about  20  seconds  of  time, 
by  means  of  the  elasticity  of  the  wire  of  suspension.  Two  spiral 
springs  s s,  s s,  like  those  which  serve  as  main-springs  to  common 
watches,  are  adjusted  to  the  lower  end  of  the  balance  arbor,  by  means 
of  their  collets  or  virrels,  like  what  the  spiral  or  pendulum  springs 
have  in  ordinary  watches,  and  are  placed  opposite  each  other  in  a 
centre  of  equilibrium  absolutely  at  rest,  so  as  to  cause  the  vibrations 
to  be  made  in  half  a second.  The  sliding  cocks  d d , serve  to 
adjust,  to  any  position,  the  pendulum  springs,  whose  outer  ends  are 
fixed  to  these  cocks.  To  regulate  the  timekeeper,  there  is  placed, 
near  to  the  lower  end  of  the  balance  arbor,  a small  plain  circular 
crossed  wheel  G G,  on  the  upper  side  of  which,  and  diametrically 
opposite,  two  studs  are  fixed,  through  which  the  two  screws  z G,  z G, 
pass  in  such  a manner,  that  turning  them  by  the  hand  will  make 
them  come  equally  nearer  to,  or  farther  from  the  arbor.  These 
screws,  by  their  mass,  which  can  be  diminished  at  pleasure,  accord- 
ing to  the  exigency  of  the  case,  can  be  made  to  describe  a great  space, 
and  allow  the  machine  to  be  regulated  in  the  nicest  manner.  If  the 
effects  of  heat  and  cold  were  of  short  duration,  the  inconveniences 
that  have  been  exposed  might  be  neglected;  but  as  the  machine  may 
be  placed  so  as  to  undergo  such  trials  of  temperature  for  six  months 
at  a time,  it  is  obvious  that  the  vibrations  of  different  extent  of  the 
regulator,  having  then  no  longer  the  isochronism  required,  the  causes 
which  might  be  able  to  vary  the  largeness  of  the  vibrations,  would 
considerably  alter  the  regularity  of  the  timekeeper. 

“ Convinced  of  the  principle,”  says  Le  Roy,  “ that  I have  just 
established,  to  compensate  the  effect  of  different  temperatures  on  my 
machine,  I took  quite  a new  way.  I adapted  to  the  balance  several 
small  bars  of  brass  and  steel,  disposed  in  such  a manner,  that,  by  their 
lengthening  in  heat,  or  shortening  in  cold,  they  were  brought  nearer 
to  or  farther  from  its  centre;  two  considerable  parts  of  its  mass, 
placed  each  at  the  extremity  of  a lever,  and  diametrically  opposite.* 
By  the  calculation  which  I had  made  of  it,  it  appeared  that  the 
whole  mass  of  the  balance  approached  to  or  receded  from  the  centre 
of  the  balance  about  Jg-th  of  a line,  to  compensate  a variation  in  heat, 
which  would  have  produced  one  second  out  of  15  in  an  hour  in  the 
going  of  the  watch.  The  inconvenience  of  the  preceding  method 
made  me  soon  give  it  up;  the  play  of  the  levers  or  bars,  and  the 
want  of  solidity  of  the  balance,  produced  errors  greater  than  those 
which  I wanted  to  compensate.  This  made  me  have  recourse  to  a 
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method  which  afterwards  answered  my  utmost  expectations;  it  con- 
sists in  the  application  to  the  balance  of  two  small  thermometers,  tt, 
tt,  tt,  tt,  made  each  of  a glass  tube,  bent  and  open  at  one  end,  and 
having  a ball  at  the  other. 

“These  thermometers,  composed  of  mercury  and  spirit  of  wine,  would 
have  formed  each  an  exact  parallelogram,  if  the  upper  side,  which 
carries  the  ball  wherein  the  spirit  of  wine  is  contained,  and  partly  on 
this  side  of  it,  had  not  been  a little  inclined.  Both  these  thermo- 
meters are  adjusted  firmly  to  the  axis  of  the  balance  and  in  opposi- 
tion to  each  other,  in  such  a manner  that  the  axis  of  their  tubes,  and 
that  of  the  balance,  meet  in  the  same  plane  which  intersects  the  balls 
in  the  middle.  It  must  be  understood,  previous  to  explaining  this 
compensation,  that  the  mercury  fills  the  lower  side  of  the  tube,  and 
about  half  way  up  the  side  parts  of  it.  It  will  be  easily  conceived  how 
this  construction  produces  the  compensation  required.  The  thermo- 
meters, making  part  of  the  regulator,  or  balance,  when  the  spirit  of 
wine,  by  its  expansion,  pushes  a part  of  the  mercury  of  the  outer 
branch  of  the  t t , towards  that  which  is  near  the  axis  of  mo- 
tion; a portion  of  the  mercury,  as  part  of  the  mass  of  the  regulator, 
passes  then  from  its  circumference  towards  its  centre.  At  the  mean 
of  temperature,  for  example,  the  mercury  occupies  the  tubes  half 
way  up  in  each  side;  whereas,  in  extreme  cold  when  the  thermome- 
ter of  Reamur  is — 15°,  or  that  of  Fahrenheit  83.75°  below  the  freezing 
point,  or — 1 .75°,  the  outward  branch  of  the  tube  is  filled  with  mer- 
cury, whilst  its  inward  corresponding  branch  is  empty;  and  as  the  mass 
of  the  balance  resists,  in  the  ratio  of  the  square  of  its  distance  from 
the  centre,  there  evidently  follows  from  this  a compensation.  If  the 
chronometer  goes  slow,  from  a loss  in  the  elasticity  of  the  springs, 
and  from  the  expansion  of  the  balance  by  too  great  a heat,  it  is  com- 
pensated by  less  weight  or  mass  at  the  circumference  of  the  regula- 
tor; and  vice  versa , in  the  passage  to  cold,  this  effect  is  so  much  the 
more  sure,  as  there  is  no  shake  or  play  to  be  apprehended  here.  Be- 
sides the  expansion  of  the  spirit  of  wine  by  heat,  and  its  contraction 
by  cold,  are  constant  effects,  as  have  been  found  by  experience  with 
thermometers  of  this  liquor,  which  had  lost  nothing  of  their  exactness 
at  the  end  of  thirty  years.  From  the  calculation  made  for  these  ther- 
mometers, it  was  found  necessary  to  have  them  in  the  form  repre- 
sented here,  by  bringing  the  balls  near  the  centre  of  the  balance,  in 
order  to  diminish  that  resistance  of  the  air  to  its  motion,  which  it 
would  have  experienced,  had  the  balls  been  placed  at,  or  near  the  cir- 
cumferencc.v’ 
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61.  Nos.  1.  and  2.  are  more  distinct  views  of  the  thermometers 
employed  by  Le  Roy  in  the  compensation  of  his  time-keeper. 

A clock  which  is  made  to  go  a month  or  32  days,  would  require  to 
be  wound  up  on  the  first  day  of  the  month,  which  do  not  fall  on  any 
regular  day  of  the  week,  and,  therefore,  will  not  be  so  easily  to  remem- 
ber it.  Let  the  length  of  time  that  the  clock  can  go,  be  at  least  36 
days;  the  time  of  winding  may  then  be  on  the  first  Saturday,  Sun- 
day, or  Monday  of  the  month;  there  will  be  four  of  the  months  that 
will  have  35  days  each,  and  eight  that  will  have  28  days.  No  doubt, 
this  way  will  in  a small  degree  diminish  the  force  of  the  clock  in  the 
inverse  ratio  of  32  to  36;  but  the  numbers  of  wheels  and  pinions, 
diameter  of  barrel,  &c.  for  this  may  be  got  according  to  the  length  of 
fall,  as  has  been  shown  in  Chap.  XXI. 

In  clocks  going  a month  or  upwards,  the  first  and  second  wheels 
should  be  on  the  left  side  of  the  frame,  in  order  that  the  cord  should 
lead  off  from  the  barrel,  on  that  side  next  the  first  pinion.  An  eight- 
day  clock  should  have  the  barrel  on  the  right  hand  side,  for  the  like 
reason.  We  have  made  an  eight-day  clock,  with  two  wheels  trans- 
mitting their  force  to  the  centre  pinion;  in  this  case  the  barrel  was 
put  to  the  left  side;  the  great  wheel  here  was  96,  the  second  90,  its 
pinion  30,  the  centre  pinion  24;  96  X 90  -r-  30  X 24  = 12,  the  num- 
ber of  hours  for  one  turn  of  the  barrel.  In  a clock  going  a month  or 
more,  it  is  indispensable  to  have  two  wheels  to  transmit  the  force  to 
the  centre  pinion,  though  not  so  in  an  eight-day  one.  In  which  ever 
way  the  hour-hand  is  carried  about,  it  may  not  be  amiss  to  have  a 
counterpoise  to  the  minute  hand;  the  spring  to  the  minute  pipe-wheel 
is  commonly  put  on  by  a round  hole,  and  sometimes  by  a square  hole, 
fitted  on  a square  made  to  the  outside  of  the  fore  pivot  of  the  centre 
pinion;  for  common  clocks,  this  may  perhaps  serve  well  enough.  The 
kind  of  spring  we  have  made  to  some  clocks,  had  a socket  underneath, 
the  depth  or  height  about  one-tenth  of  an  inch  nearly;  this  was  fitted 
to  a part  of  the  pivot  outside,  and  a very  little  twisting  on  it  made  it 
hold  surprisingly  fast;  the  minute  pipe,  on  one  end,  had  a plain  or 
flat  sort  of  a wheel,  in  diameter  an  inch  or  more,  against  which  the 
spring  pressed  when  the  minute  hand  was  by  its  collet  pinned  down; 
a spring  kind  of  socket  was  put  on  the  minute  pipe,  from  which  an 
arm  projected  in  a direction  opposite  to  that  of  the  minute  hand,  hav- 
ing at  its  end  such  a weight,  so  as  it  could  be  made  in  equipoise  with 
that  of  the  minute  hand.  By  this  means,  the  minute  hand  could  be 
set  pleasantly,  and  with  the  greatest  precision. 
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Hazel  nut  oil 272 

Hindley,  of  York,  his  mode  of  applying 
pendulums  to  turret  clocks  . .137 
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examples  on 

Pendulum  mercurial  glass  jar,  rules  for 
and  examples  on  ... 
Pendulum,  discovery  of,  remarks  on 
Pendulum  spring  of  a watch,  invented 

by  Hooke 264 

Pendulum,  description  of  263 

Pendulum,  isochronism  of  . . 267 
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of 226 
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’Scapement  duplex,  or  Tyrer’s  . 239 
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Snail,  description  of  ...  329 
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Table  4.  For  the  sector  pinions  of  10 

leaves ib. 
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Thermometers,  Reaumur’s  . . 345 

Thermometer  Celsus,  or  thermometer  - 

centigrade ib. 

Thermometer,  Fahrenheit’s  proposed 

alteration  on 346 

Thirty-six  day  clocks  ...  36 

Time,  equation  of  . . . .313 

Time,  apparent  . . . . 314 
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Time,  sidereal ib. 

Tompion’s  watch  escapement,  solid 

cylinder 226 
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Trains,  examples  on  finding  . . 21 

Trains  for  watches,  chronometers  tables 
of  ...  . ...  159 

Transit  instrument,  substitute  for  325 

Tyrer’s  escapement  or  duplex  . 239 

Turret- clocks 387 

Turret  clock,  diameter  of  barrel  of  . 388 

Turret-clock,  length  of  pendulum  of  389 
Turret- clock,  numbers  for  wheels  of  ib. 
Turret-clock,  revolutions  of  fly  pinion  of  392 
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Turret-clock,  size  of  wheels  . . 394 
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Turret-clock  of  town-house  of  Paris  399 
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Vibrations,  Phipps’  observations  on  124 

Vibrations,  Kater,  Captain,  experiments 
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Vibrations,  Warren’s  observations  on  ib. 
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Walker  of  Lynn,  his  method  of  prepar- 
ing oil 271 

Walnut  oil 272 

Watches  flat  ....  38 

Watches  repeating  train  ...  44 
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Watches,  historical  remarks  on  . . 221 
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for 219 
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Watches,  imperfections  of,  remarks  on  ib. 
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Watch  balance,  method  of  calculating 
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Watch  balance,  experiments  on  . ib. 

Water  clocks  ....  1 

Watt,  James,  his  opinion  of  the  hard- 
ness of  flint,  &c.  . . . 217 
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Wheel  work  of  Janvier’s  sphere  mou- 

vante 74 
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